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transmission methods, frame structures and transmis-
sion timings of a backhaul downlink and a backhaul uplink

are determined in consideration of at least one of a time
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tion and a signal transmission time. Accordingly, in awire-
less communication system including a relay, it is possi-
ble to effectively perform data transmission and reception
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Description
Technical Field

[0001] The presentinvention relates to data transmis-
sion and reception in a wireless communication system,
and more particularly, to data transmission and reception
between a relay and a base station in a wireless com-
munication system including the relay.

Background Art

[0002] A relay station (RS) is a device serving as an
intermediary between a base station and user equipment
(UE). Asillustrated in FIGS. 1Aand 1B, an RS is deployed
in a dead zone or at a cell boundary to effectively extend
cell coverage and increase a throughput without adding
a new base station or establishing a wired backhaul.
[0003] FIG. 1A shows arelay use model in which cov-
erage can be extended using arelay. To be specific, FIG.
1A shows a case in which relays are deployed at the cell
coverage boundary of a donor base station and outside
the cell coverage boundary and provide service to UEs
located outside the cell radius of the base station, and a
case in which relays relay a signal of the base station to
UEs that are located among buildings, in a building hav-
ing a poor wireless environment, in a subway train, and
across a cluster of buildings from the base station.
[0004] FIG. 1B shows arelay use model in which a cell
throughput is improved using a relay. Relays 200-1 and
200-2 shown in FIG. 1B are located within the cell radius
of the donor base station 100 and provide service of bet-
ter quality to UEs located close to a cell boundary, com-
pared to a case in which there is no relay. In other words,
when there is no relay between the base station 100 and
a first UE 300-1, a low transmission rate, for example, a
quadrature phase-shift keying (QPSK) link, is provided
to the first UE 300-1. On the other hand, when a second
UE 300-2 and a third UE 300-3 are located within a relay
cell radius, the relay transmits data received from the
base station 100 to the second UE 300-2 and the third
UE 300-3 at a high transmission rate, such as 64 quad-
rature amplitude modulation (QAM), so that a cell
throughput can be improved.

[0005] Usingrelaytechnology, data can be transmitted
between a base station and a UE in various ways. For
example, a base station directly transmits data to a UE
without a relay, or a relay between a base station and a
UE relays data, which extends existing cell coverage and
improves a throughput. As another example, an addition-
al UE performs relay transmission between a base sta-
tion and a UE, which requires autonomic constitution and
management of an ad-hoc network. This transmission
method is suited to support an emergency call capable
of replacing communication that is impossible over an
existing network.

[0006] When such arelay function is adopted in a wire-
less communication network, there is a change in a wire-
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less link. That is, while two links between a base station
and a UE are enough for conventional art, an added relay
requires an additional wireless link. In other words, an
uplink and downlink between a donor base station and
a relay and an uplink and downlink between the relay
and a UE should be additionally taken into consideration.
[0007] Thus far, much research has been conducted
in relation to the relay technology by organizations for
standardization such as long term evolution (LTE)-ad-
vanced of third generation partnership project (3GPP),
Institute of Electrical and Electronics Engineers (IEEE)
802.16m, etc. However, a detailed procedure, a channel
configuration method, a channel transmission method,
etc. for data transmission and reception between a relay
and a base station have not been suggested yet, and
thus are needed.

Disclosure
Technical Problem

[0008] The presentinvention is directed to providing a
procedure, a channel configuration, a channel transmis-
sion method, etc. for data transmission and reception
between a relay and a base station in a wireless com-
munication system.

Technical Solution

[0009] One aspect of the present invention provides a
downlink transmission method in a mobile communica-
tion network including a relay, the method including:
transmitting, ata base station, a backhaul downlink signal
according to a frame structure of a backhaul downlink
and a timing of the backhaul downlink determined in con-
sideration of at least one of a time for the relay to switch
between transmission and reception and a signal trans-
mission time; and receiving, at the relay, the backhaul
downlink signal according to the frame structure and the
timing of the backhaul downlink.

[0010] Transmitting the backhaul downlink signal may
include transmitting, at the base station, the backhaul
downlink signal using symbols for backhaul downlink sig-
nal transmission including all symbols of a base station
access downlink subframe except as many symbols be-
ginning with a first symbol as (a number of symbols
through which a relay access downlink control channel
is transmitted + 1). Here, a start time point of a relay
access downlink subframe related to the timing of the
backhaul downlink may be set to be later than a point in
time when the relay begins to receive the first symbol of
the base station access downlink subframe by a length
of a downlink following guard period.

[0011] Transmitting the backhaul downlink signal may
include transmitting the backhaul downlink signal using
symbols for backhaul downlink signal transmission in-
cluding all symbols of a base station access downlink
subframe except as many symbols beginning with a first
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symbol as a number of symbols through which a relay
access downlink control channel is transmitted and a last
symbol as maximum.

[0012] Here, a start time point of a relay access down-
link subframe related to the timing of the backhaul down-
link may be set to be earlier than a point in time when
the relay begins to receive the first symbol of the base
station access downlink subframe by a sum of a length
of atime period in which control information about a relay
access downlink is transmitted and a length of a downlink
preceding guard period.

[0013] To seta starttime point of a relay access down-
link subframe to a start time point of a base station access
downlink subframe, a transmission time of the relay ac-
cess downlink subframe may be set to be earlier than a
point in time when the relay begins to receive a first sym-
bol of the base station access downlink subframe by half
a time indicated by timing advance information transmit-
ted by the base station to the relay.

[0014] Transmitting the backhaul downlink signal may
include transmitting the backhaul downlink signal using
symbols for backhaul downlink signal transmission in-
cluding all symbols of the base station access downlink
subframe except as many symbols beginning with the
first symbol as a number of symbols through which a
relay access downlink control channel is transmitted.
Here, the start time point of the relay access downlink
subframe related to the timing of the backhaul downlink
may be set to the point in time when the relay begins to
receive the first symbol of the base station access down-
link subframe.

[0015] The downlink transmission method may further
include transmitting, at the relay, arelay access downlink
subframe to relay user equipment (UE) according to the
frame structure and the timing of the backhaul downlink.
[0016] The frame structure and the timing of the back-
haul downlink may be determined in further consideration
of atleastone of atime period in which control information
about a relay access downlink, which is a downlink to the
relay UE, is transmitted from the relay, and a time period
in which control information about a base station access
downlink, which is a downlink to a base station UE, is
transmitted from the relay.

[0017] Meanwhile, the downlink transmission method
may further include, before transmitting a backhaul
downlink signal, transmitting, at the relay, information
about a time for switching between transmission and re-
ception to the base station.

[0018] The information about a time for switching be-
tween transmission and reception may be transmitted by
upper layer signaling, in particular, radio resource control
(RRC) signaling.

[0019] Another aspect of the present invention pro-
vides an uplink transmission method in a mobile commu-
nication network including a relay, the method including:
transmitting, at the relay, a backhaul uplink signal ac-
cording to a frame structure and a timing of a backhaul
uplink determined in consideration of at least one of a
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time for the relay to switch between transmission and
reception and a signal transmission time; and receiving,
at a base station, the backhaul uplink signal according
to the frame structure and the timing of the backhaul up-
link.

[0020] Transmitting the backhaul uplink signal may in-
clude transmitting, at the relay, the backhaul uplink signal
using symbols for backhaul uplink signal transmission
including symbols of a backhaul uplink subframe begin-
ning with a second symbol and ending with a last symbol.
Here, a start time point of the backhaul uplink subframe
related to the timing of the backhaul uplink may be set
to be later than a point in time when the relay transmits
a base station access uplink signal in a UE mode of relay
by a length of an uplink following guard period.

[0021] Transmitting the backhaul uplink signal may in-
clude transmitting the backhaul uplink signal using sym-
bols for backhaul uplink signal transmission including
symbols of a backhaul uplink subframe beginning with a
first symbol and ending with a second to last symbol.
Here, a start time point of the backhaul uplink subframe
related to the timing of the backhaul uplink may be set
to be later than a point in time when the relay transmits
a base station access uplink signal in a UE mode of relay
by an uplink preceding guard period.

[0022] Transmitting the backhaul uplink signal may in-
clude transmitting the backhaul uplink signal using sym-
bols for backhaul uplink signal transmission including
symbols of a backhaul uplink subframe beginning with a
second symbol and ending with a last symbol as maxi-
mum, and a start symbol and an end symbol of the sym-
bols for backhaul uplink signal transmission may vary
according to at least one of a length of a signal transmis-
sion time of the backhaul uplink and the time for the relay
to switch between transmission and reception. Here, a
start time point of the backhaul uplink subframe related
to the timing of the backhaul uplink may be set to a start
time point of a base station access uplink subframe. The
start time point of the backhaul uplink subframe related
to the timing of the backhaul uplink may also be set to
be later than a point in time when the relay transmits a
base station access uplink signal in a UE mode of relay
by half a time indicated by timing advance information
transmitted by the base station to the relay.

[0023] Transmitting the backhaul uplink signal may in-
clude transmitting the backhaul uplink signal using sym-
bols for backhaul uplink signal transmission including
symbols of a backhaul uplink subframe beginning with a
first symbol and ending with a last symbol. Here, a start
time point of the backhaul uplink subframe related to the
timing of the backhaul uplink may be setto a pointin time
when the relay transmits a base station access uplink
signal in a UE mode of relay.

[0024] Stillanotheraspect of the presentinvention pro-
vides a relay device that performs transmission and re-
ception with a base station through a backhaul link, no-
tifies the base station of information about a time required
for switching between transmission and reception, re-
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ceives a backhaul downlink signal from the base station
according to a frame structure and a timing of a backhaul
downlink determined in consideration of the time required
for switching between transmission and reception, and
transmits a backhaul uplink signal to the base station
according to a frame structure and a timing of a backhaul
uplink determined in consideration of the time required
for switching between transmission and reception.
[0025] Yetanother aspectof the presentinvention pro-
vides a base station that communicates with at least one
relay through a backhaul link, and receives a backhaul
downlink signal according to a frame structure and a tim-
ing of a backhaul downlink determined in consideration
of a time for the relay to switch between transmission
and reception and a signal transmission time.

[0026] Yetanotheraspectofthe presentinvention pro-
vides a downlink transmission method, including select-
ing, at a base station, at least one piece of period con-
figuration information among a plurality of pieces of pre-
defined period configuration information of a backhaul
link signal. The period configuration information may in-
clude information about symbols in a base station access
downlink subframe through which a signal is actually
transmitted, information about a downlink transmission
timing of a relay according to the information about the
symbols, information about symbols in a whole backhaul
uplink subframe through which a signal is transmitted,
and information about a backhaul uplink transmission
timing of the relay and a backhaul uplink reception timing
of the base station according to the information about the
symbols.

[0027] Yetanother aspect of the presentinvention pro-
vides an uplink transmission method in a mobile commu-
nication network including a relay, the method including:
when two or more backhaul uplink subframes to be trans-
mitted to a base station are consecutively disposed, re-
placing, atthe relay, a guard period disposed at a position
where one backhaul uplink subframe is in contact with
the other backhaul uplink subframe with a backhaul up-
link signal period to adaptively configure a backhaul up-
link subframe; and performing backhaul uplink transmis-
sion using the configured uplink frame.

[0028] The uplink transmission method may further in-
clude: receiving, at the base station, the two or more con-
secutive backhaul uplink subframes from the relay; and
inferring, at the base station, a format of the two or more
consecutive backhaul uplink subframes from a format of
a predefined separate backhaul uplink subframe.
[0029] A format of a separate backhaul uplink sub-
frame that will be used by the relay may be fixed or pre-
defined.

[0030] Meanwhile, the uplink transmission method
may further include transmitting, at the base station, in-
formation about the format of the separate backhaul up-
link subframe that will be used by the relay to the relay
in advance, and the information about the format of the
separate backhaul uplink subframe that will be used by
the relay may be information about a subframe format
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selected from among at least one backhaul uplink sub-
frame format predefined between the base station and
the relay.

[0031] Also, the information about the selected sub-
frame format may be transmitted by upper layer signal-
ing.

[0032] Inconfiguring the uplink frame, the uplink frame
may be configured in a form in which a first backhaul
uplink demodulation reference signal and a second back-
haul uplink demodulation reference signal are disposed
in one backhaul uplink subframe.

[0033] As many symbols as (half a maximum number
of symbols that one backhaul uplink subframe can in-
clude - 1) may be interposed between the first backhaul
uplink demodulation reference signal and the second
backhaul uplink demodulation reference signal.

[0034] Inconfiguring the uplink frame, the uplink frame
may be configured in a form in which only one backhaul
uplink demodulation reference signal is disposed in one
backhaul uplink subframe.

[0035] The backhaul uplink demodulation reference
signal may be disposed at a position in the one backhaul
uplink subframe at which a difference between a number
of symbols preceding the backhaul uplink demodulation
reference signal and a number of symbols following the
backhaul uplink demodulation reference signal does not
exceed three.

[0036] Yetanotheraspectofthe presentinvention pro-
vides a relay device that when two or more backhaul
uplink subframes to be transmitted to a base station are
consecutively disposed, replaces a guard period dis-
posed at a position where one backhaul uplink subframe
is in contact with the other backhaul uplink subframe with
a backhaul uplink signal period to adaptively configure a
backhaul uplink subframe, and performs backhaul uplink
transmission using the configured uplink frame.

[0037] Yetanotheraspectofthe presentinvention pro-
vides a base station that when two or more backhaul
uplink subframes are consecutively received from a re-
lay, infers a format of the two or more consecutive back-
haul uplink subframes from a format of a separate back-
haul uplink subframe.

[0038] Yetanotheraspectofthe presentinvention pro-
vides a backhaul downlink transmission method, includ-
ing: determining a transmission start time point of a back-
haul downlink signal in consideration of a number of sym-
bols through which a relay access downlink control chan-
nelis transmitted and a number of symbols through which
a base station access downlink control channel is trans-
mitted; and transmitting, at a base station, the backhaul
downlink signal to a relay according to the determined
transmission start time point of the backhaul downlink
signal.

[0039] The backhaul downlink transmission method
may further include, before determining a transmission
start time point of a backhaul downlink signal, notifying,
at the relay, the base station of the number of symbols
through which a relay access downlink control channel
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is transmitted.

[0040] The backhaul downlink transmission method
may further include transmitting, at the base station, in-
formation about a number of symbols through which a
relay access downlink physical control channel of a relay
access downlink signal is transmitted to the relay before
transmission of the relay access downlink physical con-
trol channel.

[0041] The backhaul downlink signal may be transmit-
ted through a backhaul downlink physical control channel
and a backhaul downlink physical data channel, and the
backhaul downlink physical data channel may include a
part of a region allocated in advance as the backhaul
downlink physical control channel.

[0042] The backhaul downlink physical control chan-
nel may include information indicating whether or not the
backhaul downlink physical data channel includes a part
of the region allocated as the backhaul downlink physical
control channel.

[0043] Relay system information, which is applied in
common to all relays interoperating with the base station,
may be transmitted through a relay-common backhaul
downlink physical control channel, which is a part of the
backhaul downlink physical control channel.

[0044] The relay system information may vary accord-
ing to relay system information modification period, and
may not vary in one relay system information modification
period.

[0045] The relay-common backhaul downlink physical
control channel may include a notification of whether the
relay system information varies in a next modification pe-
riod.

[0046] The notification of whether the relay system in-
formation varies may be included one or more times in
one modification period.

[0047] Data for checking a transmission error of the
relay-common backhaul downlink physical control chan-
nel may be masked with a relay-common identifier that
can be applied to all relays interoperating with the base
station.

[0048] The base station may transmit at least one of
information indicating whether or not each base station
access downlink includes a backhaul downlink signal,
and allocation information of a backhaul uplink subframe
to the relay.

[0049] The information indicating whether or not each
base station access downlink includes a backhaul down-
link signal, and the allocation information of a backhaul
uplink subframe may be set to be different according to
the respective relays interoperating with the base station
or relay groups, or applied the same to all the relays in-
teroperating with the base station.

[0050] The base station may transmit resource alloca-
tion information about the backhaul downlink physical
data channel and a backhaul uplink physical data chan-
nel transmitted be the relay to the base station to the
relay, and the allocation information about the backhaul
downlink physical data channel and a backhaul uplink
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physical data channel transmitted be the relay to the base
station may include information about a range of the
backhaul uplink physical data channel to which the re-
source allocation information is applied.

[0051] Yetanotheraspectofthe presentinvention pro-
vides a backhaul downlink transmission method in a mo-
bile communication system in which a base station com-
municates with a relay through a backhaul link, the meth-
od including: receiving, at the base station or the relay,
data including one or more codewords from the counter-
part through the backhaul link; and configuring response
information using a bundling mode in which one piece of
acknowledge information is configured for all the re-
ceived one or more codewords, and transmitting the con-
figured response information to the counterpart.

[0052] Allthe one or more codewords may be included
in one subframe, or the respective codewords may be
included in different subframes.

[0053] When the base station releases the bundling
mode, the base station may notify the relay of release of
the bundling mode.

Advantageous Effects

[0054] Usingan exemplary embodiment of the present
invention, it is possible to effectively perform data trans-
mission and reception between a relay and a base station
in a wireless communication system including the relay.

Description of Drawings
[0055]

FIG. 1A shows a relay use model in which coverage
can be extended using a relay.

FIG. 1B shows a relay use model in which a cell
throughput is improved using a relay.

FIG. 2 shows six signal transmission and reception
links in a wireless communication system according
to an exemplary embodiment of the present inven-
tion.

FIG. 3 illustrates a relationship between transmis-
sion and reception of a base station access downlink
signal between a base station and a relay.

FIG. 4 illustrates a relationship between transmis-
sion and reception of a backhaul downlink signal be-
tween abase station and arelay based on adownlink
transmission method according to an exemplary em-
bodiment of the present invention.

FIG. 5 illustrates a relationship between transmis-
sion and reception of a backhaul downlink signal be-
tween abase station and arelay based on adownlink
transmission method according to another exempla-
ry embodiment of the present invention.

FIG. 6 illustrates a relationship between transmis-
sion and reception of a backhaul downlink signal be-
tween a base station and arelay based on a downlink
transmission method according to still another ex-
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emplary embodiment of the present invention.

FIG. 7 illustrates a relationship between transmis-
sion and reception of a backhaul downlink signal be-
tween a base station and arelay based on a downlink
transmission method according to yet another ex-
emplary embodiment of the present invention.

FIG. 8 illustrates a relationship between transmis-
sion and reception of a base station access uplink
signal between a base station and a relay.

FIG. 9 illustrates a relationship between transmis-
sion and reception of a backhaul uplink signal be-
tween a base station and arelay based on a backhaul
uplink transmission method according to an exem-
plary embodiment of the present invention.

FIG. 10 illustrates a relationship between transmis-
sion and reception of a backhaul uplink signal be-
tween a base station and arelay based on a backhaul
uplink transmission method according to another ex-
emplary embodiment of the present invention.

FIG. 11 illustrates a relationship between transmis-
sion and reception of a backhaul uplink signal be-
tween a base station and arelay based on a backhaul
uplink transmission method according to still another
exemplary embodiment of the present invention.
FIG. 12 illustrates a relationship between transmis-
sion and reception of a backhaul uplink signal be-
tween abase station and arelay based on abackhaul
uplink transmission method according to yet another
exemplary embodiment of the present invention.
FIG. 13 illustrates frame structures of a relay and a
base station when two different uplink timing config-
urations are simultaneously used on the basis of an
uplink configuration method according to an exem-
plary embodiment of the present invention.

FIG. 14 illustrates several formats of a backhaul up-
link subframe according to exemplary embodiments
of the present invention.

FIG. 15 illustrates formats of consecutive backhaul
uplink subframes when a separate backhaul uplink
subframe corresponds to type A of FIG. 14.

FIG. 16 illustrates formats of consecutive backhaul
uplink subframes when a separate backhaul uplink
subframe corresponds to type B of FIG. 14.

FIG. 17 illustrates formats of consecutive backhaul
uplink subframes when a separate backhaul uplink
subframe corresponds to type C of FIG. 14.

FIG. 18 illustrates formats of consecutive backhaul
uplink subframes when a separate backhaul uplink
subframe corresponds to type D of FIG. 14.

FIG. 19 illustrates frame structures according to ex-
emplary embodiments of the presentinvention when
two backhaul uplink demodulation reference signals
are present in a backhaul uplink subframe including
14 symbols.

FIG. 20 illustrates frame structures according to ex-
emplary embodiments of the presentinvention when
two backhaul uplink demodulation reference signals
are present in a backhaul uplink subframe including
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12 symbols.

FIG. 21 illustrates frame structures according to ex-
emplary embodiments of the presentinvention when
one backhaul uplink demodulation reference signal
is disposed in a backhaul uplink subframe including
14 symbols.

FIG. 22 illustrates frame structures according to ex-
emplary embodiments of the presentinvention when
one backhaul uplink demodulation reference signal
is disposed in a backhaul uplink subframe including
12 symbols.

FIG. 23 illustrates a transmission period of relay sys-
tem information according to an exemplary embod-
iment of the present invention.

[Modes of the Invention]

[0056] Hereinafter, exemplary embodiments of the
present invention will be described in detail. However,
the present invention is not limited to the exemplary em-
bodiments disclosed below, but can be implemented in
various forms. The following exemplary embodiments
are described in order to enable those of ordinary skill in
the art to embody and practice the invention.

[0057] It will be understood that, although the terms
first, second, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one el-
ement from another. For example, a first element could
be termed a second element, and, similarly, a second
element could be termed a first element, without depart-
ing from the scope of the presentinvention. As used here,
the term "and/or" includes any and all combinations of
one or more of the associated listed items.

[0058] It will be understood that when an element is
referred to as being "connected" or "coupled" to another
element, it can be directly connected or coupled to the
other element or intervening elements may be present.
In contrast, when an element is referred to as being "di-
rectly connected" or "directly coupled" to another ele-
ment, there are no intervening elements present.
[0059] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the invention. As used herein, the
singular forms "a," "an" and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. It will be further understood that the
terms "comprises," "comprising," "includes" and/or "in-
cluding," when used herein, specify the presence of stat-
ed features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, and/or groups there-
of.

[0060] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. It will be
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further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as
having a meaning that is consistent with their meaning
in the context of the relevant art and will not be interpreted
in an idealized or overly formal sense unless expressly
so defined here.

[0061] Asused herein, the term "user equipment (UE)"
may be referred to as a mobile station, user terminal (UT),
wireless terminal, access terminal (AT), terminal, sub-
scriber unit, subscriber station (SS), wireless device,
wireless communication device, wireless transmit/re-
ceive unit (WTRU), moving node, mobile, or other terms.
Various exemplary embodiments of a UE may include a
cellular phone, a smart phone having a wireless commu-
nication function, a personal digital assistant (PDA) hav-
ing a wireless communication function, a wireless mo-
dem, a portable computer having a wireless communi-
cation function, a photographing apparatus such as a
digital camera having a wireless communication function,
a gaming apparatus having a wireless communication
function, a music storing and playing appliance having a
wireless communication function, an Internet home ap-
pliance capable of wireless Internet access and brows-
ing, and also portable units or terminals having a combi-
nation of such functions, but are not limited to these.
[0062] In this specification, the term "base station" is
used to denote a "control device that controls one cell."
In an actual communication system, a "physical base sta-
tion" can control a plurality of cells. In this case, the "phys-
ical base station" can be considered to include several
"base stations" of the present invention. Also, the term
"relay" is used to denote a "control device that controls
one cell." Inan actual communication system, a "physical
relay" can control a plurality of cells. In this case, the
"physical relay" can be considered to include several "re-
lays" of the presentinvention. In other words, itis possible
to consider that different parameters are allocated to re-
spective cells by respective "base stations" or "relays."
[0063] With reference to the appended drawings, ex-
emplary embodiments of the present invention will be
described in detail below. To aid in understanding the
present invention, like numbers refer to like elements
throughout the description of the figures, and the descrip-
tion of the same component will not be reiterated.
[0064] FIG. 2 shows six signal transmission and re-
ception links in a wireless communication system accord-
ing to an exemplary embodiment of the presentinvention.
[0065] Referring to FIG. 2, a wireless communication
system according to an exemplary embodiment of the
present invention includes a base station 110, a relay
210, a base station UE 310, and a relay UE 320. The
base station UE 310 belongs to a base station cell and
exchanges signals with the base station 110. A link
through which the base station 110 transmits a signal to
the base station UE 310 is referred to as a base station
access downlink, and a link through which the base sta-
tion UE 310 transmits a signal to the base station 110 is
referred to as a base station access uplink.
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[0066] The relay 210 operates as a base station UE at
the initial stage of deployment. In other words, the base
station 110 considers the relay 210 to be one base station
UE 310 and exchanges signals with the relay 210 through
a base station access uplink/downlink. An operation
mode corresponding to the case in which arelay operates
in this way is referred to as a UE mode of relay. In the
UE mode of relay, the relay 210 exchanges information
required for configuring a relay cell, etc. with the base
station 110.

[0067] After this, the relay 210 configures its own cell
as a base station and can exchange signals with a UE.
An operation mode corresponding to this case is referred
to as a base station mode of relay. A UE that belongs to
a relay when the relay is in the base station mode is
referred to as a relay UE. Also, a link through which the
relay 210 transmits a signal to the relay UE 320 is referred
to as a relay access downlink, and a link through which
the relay UE 320 transmits a signal to the relay 210 is
referred to as a relay access uplink. When the relay 210
is in the base station mode, a link through which the base
station 110 transmits a signal to the relay 210 is referred
to as a backhaul downlink, and a link through which the
relay 210 transmits a signal to the base station 110 is
referred to as a backhaul uplink.

[0068] Also, the relay 210 can be switched to the UE
mode when the relay 210 loses uplink timing synchroni-
zation with the base station 110 while operating in the
base station mode. The relay 210 operating in the UE
mode performs random access to obtain uplink timing
synchronization with the base station 110. After this, the
relay 210 is switched to the base station mode and can
exchange signals with the relay UE 320 again.

[0069] A base station access downlink subframe and
a relay access downlink subframe will be described in
detail below.

[0070] A base station access downlink frame consists
of a plurality of base station access downlink subframes.
According to a base station access downlink subframe,
a base station may transmit a base station access down-
link signal alone or a backhaul downlink signal alone.
Also, the base station may transmit a base station access
downlink signal and a backhaul downlink signal together.
In this case, the base station access downlink signal and
the backhaul downlink signal can be transmitted in dif-
ferent regions. Here, a region denotes a combination of
a time domain, frequency domain, spatial domain, code
domain, and so on. A base station access downlink signal
may include a base station access downlink physical data
channel, a base station access downlink physical control
channel, a base station access downlink reference sig-
nal, a base station access synchronization signal, etc.
and may further include another channel or signal in ad-
dition to the aforementioned channels or signals. A back-
haul downlink signal may include a backhaul downlink
physical data channel, a backhaul downlink physical con-
trol channel, a backhaul downlink reference signal, etc.
and may further include another channel or signal in ad-
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dition to the aforementioned channels or signal.

[0071] Meanwhile, arelay access downlink frame con-
sists of a plurality of relay access downlink subframes.
According to a relay access downlink subframe, a relay
may transmit a relay access downlink signal alone or
receive a backhaul downlink signal alone. Also, the relay
may transmit the relay access downlink signal and re-
ceive the backhaul downlink signal. To be specific, the
relay can transmit the relay access downlink signal in the
whole relay access downlink subframe. Also, to receive
the backhaul downlink signal, the relay may not transmit
the relay access downlink signal in a part or all of regions
of the relay access downlink subframe. Here, a region
denotes a combination of a time domain, frequency do-
main, spatial domain, code domain, and so on. In an ex-
emplary embodimentin which a backhaul downlink signal
is received from a relay access downlink subframe, a
relay may configure the relay access downlink subframe
as a Multicast Broadcast Single Frequency Network
(MBSFN) subframe and notify a relay UE of a domain in
which a relay access downlink signal is transmitted.
[0072] In the base station mode of relay, a relay can
have a guard period before, after, or before and after
reception of a backhaul downlink signal to switch be-
tween downlink transmission and downlink reception
performed at the radio frequency (RF) terminal of the
relay. During the guard period, the relay neither receives
a backhaul downlink signal nor transmits a relay access
downlink signal. A guard period from when the relay
transmits arelay access downlink signal to when therelay
receives a backhaul downlink signal is referred to as a
downlink preceding guard period GP1_DL, and the
length of GP1_DL is indicated by Tgp1_DL. Tgp1_DL is
equal to or greater than a time for switching from downlink
transmission to downlink reception at the RF terminal of
the relay. A guard period from when the relay receives a
backhaul downlink signal to when the relay transmits a
relay access downlink signal is referred to as a downlink
following guard period GP2_DL, and the length of
GP2_DL is indicated by Tgp2_DL. Tgp2_DL is equal to
or greater than a time for switching from downlink recep-
tion to downlink transmission at the RF terminal of the
relay.

[0073] Next, downlink timing alignment, that is, timing
between downlink transmission of a base station and
downlink transmission and reception of a relay will be
described below.

[0074] Inthe UE mode of relay, arelay receives a base
station access downlink signal transmitted from a base
station. The base station downlink signal arrives at the
relay after a time as long as a signal propagation delay
between the base station and the relay, which can be
seen in FIG. 3.

[0075] FIG. 3 illustrates a relationship between trans-
mission and reception of a base station access downlink
signal between a base station and arelay. In the drawing,
Tp denotes a signal transmission time between the base
station and the relay.
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[0076] In the base station mode of relay, the period of
a backhaul downlink signal that can be exchanged be-
tween a base station and a relay may vary according to
the length of a guard period, that is, the length Tgp1_DL
of a downlink preceding guard period and the length
Tgp2_DL of a downlink following guard period (see FIG.
4), a time required for switching between downlink trans-
mission and downlink reception at the RF terminal of the
relay, and the start time point of a relay access downlink
subframe.

[0077] The presentinvention suggests exemplary em-
bodiments of a timing relationship in the period of a back-
haul downlink signal that can be exchanged between a
base station and a relay.

[0078] In a detailed constitution, the following are as-
sumed. A base station access downlink subframe con-
sists of L symbols, and the serial numbers of the symbols
begin with 0. Thus, symbol m denotes an (m+1)th symbol
of the base station access downlink subframe. Also, a
relay access downlink subframe consists of a plurality of
symbols, and the serial numbers of the symbols begin
with 0. In a relay access downlink subframe, the number
of symbols through which a relay access downlink phys-
ical control channel of a relay access downlink signal is
transmitted is k. kis O or a positive integer. A base station
access downlink signal transmitted by the base station
is received by the relay after Tp. Also, the length of a
base station access downlink subframe is the same as
that of a relay access downlink subframe.

[0079] With reference to FIGS. 4 to 7, backhaul down-
link transmission methods according to exemplary em-
bodiments of the present invention will be described be-
low.

[0080] FIG. 4 illustrates a relationship between trans-
mission and reception of a backhaul downlink signal be-
tween a base station and a relay based on a downlink
transmission method according to an exemplary embod-
iment of the present invention.

[0081] FIG. 4 illustrates frame structures of a base sta-
tion and a relay on the assumption thatk =1 and L = 14.
Also, itis assumed that a time for switching from downlink
transmission to downlink reception at the RF terminal of
the relay and a time for switching from downlink reception
to downlink transmission at the RF terminal of the relay
are each greater than the cyclic prefix of a symbol.
[0082] In the exemplary embodiment shown in FIG. 4,
arelay sets the start time point of a relay access downlink
subframe to be later than a point in time when the relay
begins toreceive the first symbol of a base station access
downlink subframe by Tgp2_DL. In this case, the base
station can transmit a backhaul downlink signal through
symbol k+1 to the last symbol of the base station access
downlink subframe. As mentioned above, k denotes the
number of symbols through which a relay access down-
link physical control channel 410 is transmitted. The relay
can receive the backhaul downlink signal through symbol
k+1 to the last symbol of the base station access downlink
subframe. For example, looking at frame structures and
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a timing relationship of the base station and the relay
shown in FIG. 4, the base station transmits a backhaul
downlink signal through symbol 2 to symbol 13, and the
relay receives the backhaul downlink signal through sym-
bol 2 to symbol 13.

[0083] As described above, the first symbol of a back-
haul downlink signal that can be exchanged between a
base station and a relay varies according to a time period
in which the relay access downlink physical control chan-
nel 410 of a relay access downlink signal is transmitted,
that is, the number k of symbols. Also, the first symbol
of a backhaul downlink signal that can be exchanged
between a base station and a relay may vary according
to the number of symbols through which a base station
access downlink physical control channel of a base sta-
tion access downlink signal is transmitted. In this case,
the base station may notify the relay of the position in-
formation of the first symbol of the backhaul downlink
signal. The position information of the first symbol of the
backhaul downlink signal can be transferred by upper
layer signaling (radio resource control (RRC) signaling
in the case of third generation partnership project
(3GPP)) or through a backhaul downlink physical control
channel.

[0084] FIG. 5 illustrates a relationship between trans-
mission and reception of a backhaul downlink signal be-
tween a base station and a relay based on a downlink
transmission method according to another exemplary
embodiment of the present invention.

[0085] Like FIG. 4, FIG. 5 illustrates frame structures
of a base station and a relay on the assumption that k =
1and L =14. Also, it is assumed that a time for switching
from downlink transmission to downlink reception at the
RF terminal of the relay and a time for switching from
downlink reception to downlink transmission at the RF
terminal of the relay are each greater than the cyclic prefix
of a symbol.

[0086] In the exemplary embodiment shownin FIG. 5,
arelay sets the start time point of a relay access downlink
subframe to be earlier than a point in time when the relay
begins toreceive the first symbol of a base station access
downlink subframe by the sum of the length of k symbols
(e.g., one symbol in FIG. 5) and Tgp1_DL. In this case,
the base station can transmit a backhaul downlink signal
through the first symbol to symbol n of the base station
access downlink subframe. Here, n =L - k- 2. The relay
can receive the backhaul downlink signal through the first
symbol to symbol n of the base station access downlink
subframe. In the exemplary embodiment of FIG. 5, the
base station transmits a backhaul downlink signal
through symbol 0 to symbol 11, and the relay receives
the backhaul downlink signal through symbol 0 to symbol
11.

[0087] FIG. 6 illustrates a relationship between trans-
mission and reception of a backhaul downlink signal be-
tween a base station and a relay based on a downlink
transmission method according to still another exemplary
embodiment of the present invention.
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[0088] Like FIGS. 4 and 5, FIG. 6 illustrates frame
structures of a base station and a relay on the assumption
that k =1 and L = 14. Also, it is assumed that a time for
switching from downlink transmission to downlink recep-
tion at the RF terminal of the relay and a time for switching
from downlink reception to downlink transmission at the
RF terminal of the relay are each greater than the cyclic
prefix of a symbol.

[0089] FIG. 6 shows that the structures of a backhaul
downlink subframe transmitted by a base station and a
backhaul downlink subframe received by a relay may
vary as illustrated in FIGS. 6(A), 6(B), and 6(C) according
to the length of the signal transmission time Tp. FIG. 6
(A\) illustrates a case in which Tpis 0, FIG. 6(B) illustrates
acase in which Tp has the value of a positive real number
larger than 0, and FIG. 6(C) illustrates a case in which
Tp has the value of a positive real number larger than Tp
of FIG. 6(B). In other words, Tp increases from FIG. 6(A)
to FIG. 6(C).

[0090] Inthe exemplary embodiment of FIG. 6, the re-
lay sets the start time point of a relay access downlink
subframe to be similar to the start time point of a base
station access downlink subframe. To this end, the relay
may set the transmission time point of the relay access
downlink subframe to be earlier than a point in time when
the relay begins to receive the first symbol of the base
station access downlink subframe by half a time indicated
by timing advance information transmitted by the base
station to the relay. In this way, the start time point of the
relay access downlink subframe can be almost the same
as the start time point of the base station access downlink
subframe. In this case, the base station can transmit a
backhaul downlink signal through symbol m to symbol n
of the base station access downlink subframe. The relay
can receive the backhaul downlink signal through symbol
m to symbol n of the base station access downlink sub-
frame. Here, m>k,andn<L - 2.

[0091] Meanwhile, according to the length of the signal
transmissiontime Tp, thelengths Tgp1_DLand Tgp2_DL
of the guard periods may vary, and also the period of a
backhaul downlink signal that can be exchanged be-
tween the relay and the base station may vary. The signal
transmission time Tp may vary according to the location
where the relay is deployed. The base station can trans-
mit information about the period of a backhaul downlink
signal that will be received by the relay to the relay by
upper layer signaling (RRC signaling in the case of
3GPP). As an exemplary embodiment of the information
about the period of a backhaul downlink signal, the re-
spective indices of the first symbol and the last symbol
ofthe backhaul downlink signal can be known. As another
exemplary embodiment of the period information of a
backhaul downlink signal, the periods of a plurality of
backhaul downlink signals may be determined in ad-
vance, and one of the periods may be known. The relay
receives a backhaul uplink signal on the basis of the back-
haul downlink signal period information received from the
base station.
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[0092] In brief, in the exemplary embodiment of the
present invention illustrated in FIG. 6, the base station
can transmit a backhaul downlink signal using symbols
for backhaul downlink signal transmission including all
symbols of a base station access downlink subframe ex-
cept symbols beginning with the first symbol through
which a relay access downlink control channel is trans-
mitted and the last symbol as maximum. Here, the start
symbol and the end symbol among the symbols for back-
haul downlink signal transmission may vary according to
the length of the signal transmission time of a backhaul
downlink.

[0093] As mentioned above, the first symbol of a back-
haul downlink signal that can be exchanged between a
base station and a relay varies according to the number
k of symbols through which arelay access downlink phys-
ical control channel of a relay access downlink signal is
transmitted. In addition to this, the first symbol of a back-
haul downlink signal that can be exchanged between a
base station and a relay may vary according to the
number of symbols through which a base station access
downlink physical control channel of a base station ac-
cess downlink signal is transmitted. In this case, the base
station can notify the relay of the position information of
the first symbol of the backhaul downlink signal. The po-
sition information of the first symbol of the backhaul
downlink signal can be transferred by upper layer sign-
aling (RRC signaling in the case of 3GPP) or through a
backhaul downlink physical control channel.

[0094] Referring to FIGS. 6(A) to 6(C) in further detail,
it can be seen that the period of a backhaul downlink
signal that is exchanged between a base station and a
relay varies according to Tp. To be specific, in the case
of FIG. 6(A) where Tp is equal to 0, a backhaul downlink
signal period ranges from symbol 2 to symbol 12, and in
the case of FIG. 6(B) where Tp is a positive real number,
a backhaul downlink signal period ranges from symbol 1
to symbol 12. Also, in the case of FIG. 6(C) where the
signal transmission time Tp is greater than Tp of FIG. 6
(B), a backhaul downlink signal period may range from
symbol 1 to symbol 11. In addition to these, a backhaul
downlink signal period may range from symbol 1 to sym-
bol 10, symbol 1 to symbol 9, etc. according to the signal
transmission time Tp. Backhaul downlink signal period
information can indicate one of the aforementioned pe-
riods.

[0095] FIG. 7 illustrates a relationship between trans-
mission and reception of a backhaul downlink signal be-
tween a base station and a relay based on a downlink
transmission method according to yet another exemplary
embodiment of the present invention.

[0096] Like FIGS. 4 to 6, FIG. 7 illustrates frame struc-
tures of a base station and a relay on the assumption
thatk =1and L = 14.

[0097] The exemplary embodiment of FIG. 7 is differ-
ent from the foregoing exemplary embodiments in that it
is assumed that a time for switching from downlink trans-
mission to downlink reception at the RF terminal of the
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relay and a time for switching from downlink reception to
downlink transmission at the RF terminal of the relay are
each much less than the cyclic prefix of a symbol. In this
case, the guard periods GP1_DL and GP2_DL are each
included in the cyclic prefix of a symbol, and thus are not
shown in FIG. 7.

[0098] Inthe exemplary embodiment of FIG. 7, the re-
lay sets the start time point of a relay access downlink
subframe to be a point in time when the relay begins to
receive the first symbol of a base station access downlink
subframe. In this case, the base station can transmit a
backhaul downlink signal through symbol k to the last
symbol of the base station access downlink subframe.
The relay can receive the backhaul downlink signal
through symbol k to the last symbol of the base station
access downlink subframe.

[0099] As described above, the first symbol of a back-
haul downlink signal that can be exchanged between a
base station and a relay varies according to the number
k of symbols through which a relay access downlink phys-
ical control channel of a relay access downlink signal is
transmitted. Also, the first symbol of a backhaul downlink
signal that can be exchanged between a base station
and arelay may vary according to the number of symbols
through which a base station access downlink physical
control channel of a base station access downlink signal
is transmitted. In this case, the base station may notify
the relay of the position information of the first symbol of
the backhaul downlink signal. The position information
of the first symbol of the backhaul downlink signal can
be transferred by upper layer signaling (RRC signaling
in the case of 3GPP) or through a backhaul downlink
physical control channel.

[0100] Thus far, backhaul downlink transmission
methods according to exemplary embodiments of the
present invention have been described.

[0101] Uplink transmission methods according to ex-
emplary embodiments of the present invention will be
described below. First, backhaul/base station access/re-
lay access uplink subframes to which an exemplary em-
bodiment of the present invention is applied will be de-
scribed.

[0102] A base station access uplink frame consists of
a plurality of base station access uplink subframes. Ac-
cording to a base station access uplink subframe, a base
station may receive a base station access uplink signal
alone or a backhaul uplink signal alone. Also, the base
station may receive a base station access uplink signal
and a backhaul uplink signal together. In this case, the
base station access uplink signal and the backhaul uplink
signal can be received in different regions. Here, aregion
denotes a combination of a time domain, frequency do-
main, spatial domain, code domain, and so on. A base
station access uplink signal includes a base station ac-
cess uplink physical data channel, a base station access
uplink physical control channel, a base station access
uplink demodulation reference signal, a base station ac-
cess uplink channel measurement reference signal, and
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so on. Also, the base station access uplink signal may
further include other signals in addition to the aforemen-
tioned signals.

[0103] Meanwhile, a relay uplink frame consists of a
plurality of relay uplink subframes. A relay uplink sub-
frame may be a relay access uplink subframe or a back-
haul uplink subframe. A relay can receive a relay access
uplink signal through a relay access uplink subframe in
the base station mode of relay. The relay access uplink
signal includes a relay access uplink physical data chan-
nel, arelay access uplink physical control channel, arelay
access uplink demodulation reference signal, and a relay
access uplink channel measurement reference signal.
The relay access uplink signal may further include other
signals in addition to the aforementioned signals or chan-
nels.

[0104] Also, the relay may transmit a backhaul uplink
signal in a backhaul uplink subframe. The backhaul up-
link signal includes a backhaul uplink physical data chan-
nel, a backhaul uplink physical control channel, a back-
haul uplink demodulation reference signal, and a back-
haul uplink channel measurement reference signal. Also,
the backhaul uplink signal may further include other sig-
nals in addition to the aforementioned signals or chan-
nels.

[0105] A relay can put a guard period before and after
transmission of a backhaul uplink signal to switch be-
tween uplink transmission and uplink reception per-
formed at the RF terminal of the relay. During this guard
period, the relay neither transmits a backhaul uplink sig-
nal nor receives a relay access uplink signal. A guard
period from when the relay receives arelay access uplink
signal to when the relay transmits a backhaul uplink sig-
nal is referred to as a preceding guard period GP1_UL,
and the length of GP1_UL is indicated by Tgp1_UL.
Tgp1_UL should be equal to or greater than a time for
switching from uplink reception to uplink transmission at
the RF terminal of the relay. A guard period from when
the relay transmits a backhaul uplink signal to when the
relay receives a relay access uplink signal is referred to
as a following guard period GP2_UL, and the length of
GP2_UL is indicated by Tgp2_UL. Tgp2_UL should be
equal to or greater than a time for switching from uplink
transmission to uplink reception at the RF terminal of the
relay. The guard periods GP1_UL and GP2_UL can be
disposed in a backhaul uplink subframe.

[0106] Next, backhaul uplink timing alignment, that is,
timing between uplink transmission of a relay and uplink
reception of a base station will be described below.
[0107] FIG. 8 illustrates a relationship between trans-
mission and reception of a base station access uplink
signal between a base station and a relay.

[0108] In FIG. 8, two upper downlink subframe struc-
tures are related to transmission of a base station and
the consequent reception of a relay, and two lower uplink
subframe structures are related to transmission of a relay
and the consequent reception of a base station.

[0109] InFIG. 8, TA denotes atime indicated by timing
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advance information. Here, the time TA indicated by tim-
ing advance information is assumed to be 2 X Tp. Also,
it is assumed that a point in time when a base station
begins to transmit a base station access downlink sub-
frame is the same as a pointin time when the base station
begins to receive a base station access uplink subframe.
[0110] In the UE mode of relay, a relay transmits a
base station access uplink signal to a base station. The
relay begins to transmit a base station access uplink sig-
nal earlier than a point in time when the relay begins to
receive a base station access downlink signal by a time
indicated by timing advance information transferred by
the base station to the relay. The base station access
uplink signal arrives at the base station after Tp. This
timing relationship can be seen in FIG. 8.

[0111] In the base station mode of relay, the period of
a backhaul downlink signal that can be exchanged be-
tween a base station and a relay may vary according to
the lengths Tgp1_UL and Tgp2_UL of guard periods, a
time required for switching between uplink transmission
and uplink reception at the RF terminal of the relay, and
the start time point of a backhaul uplink subframe or a
relay access uplink subframe.

[0112] The presentinvention suggests some methods
related to constitution of a backhaul uplink signal that can
be exchanged between a base station and a relay, and
these methods will be described with reference to exem-
plary embodiments below.

[0113] In a detailed constitution, the following are as-
sumed. A base station access uplink subframe consists
of R symbols, and the serial numbers of the symbols
begin with 0. Thus, symbol p denotes a (p+1)th symbol
of a base station access uplink subframe. Also, a back-
haul uplink subframe consists of a plurality of symbols.
In the backhaul uplink subframe, the serial numbers of
backhaul uplink signal symbols are given in terms of the
instance that a backhaul uplink signal is received in a
base station access uplink subframe. For example, back-
haul uplink signal symbol p transmitted by the relay is
received by the base station at symbol p of the base
station access uplink subframe. The backhaul uplink sig-
nal transmitted by the relay is received by the base station
after Tp. The length of a base station access uplink sub-
frame is the same as that of a backhaul uplink subframe.
[0114] Withreferenceto FIGS. 9to 12, backhaul uplink
transmission methods according to exemplary embodi-
ments of the present invention will be described below.
[0115] FIG. 9 illustrates a relationship between trans-
mission and reception of a backhaul uplink signal be-
tween a base station and a relay based on a backhaul
uplink transmission method according to an exemplary
embodiment of the present invention.

[0116] In the exemplary embodiment of FIG. 9, it is
assumed that R = 14. Also, it is assumed that a time for
switching from uplink transmission to uplink reception at
the RF terminal of the relay and a time for switching from
uplink reception to uplink transmission are each greater
than the cyclic prefix of a symbol.
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[0117] In the exemplary embodiment shownin FIG. 9,
a relay sets the start time point of a backhaul uplink sub-
frame to be later than a pointin time when the relay trans-
mits a base station access uplink signal in the UE mode
of relay by Tgp2_UL. In this case, the base station can
receive a backhaul uplink signal through the second sym-
bol to the last symbol of the base station access uplink
subframe. The relay can transmit the backhaul uplink sig-
nal through the second symbol to the last symbol of the
backhaul uplink subframe. The relay can begin to trans-
mit the backhaul uplink signal at a point in time later than
the pointin time when the relay transmits the base station
access uplink signal in the UE mode of relay by the length
of one symbol. Alternatively, the relay may begin to trans-
mit the backhaul uplink signal at a point in time later than
the start time point of the backhaul uplink subframe by
Tgp1_UL, as shown in FIG. 9. Here, it is assumed that
the sum of Tgp1_UL and Tgp2_UL is the same as the
length of one symbol.

[0118] The start time point of a backhaul uplink sub-
frame and the transmission start time point of a backhaul
uplink signal mentioned above can be applied at least
when the relay switches from the UE mode of relay to
the base station mode of relay. After the relay switches
to the base station mode of relay, the start time point of
a backhaul uplink subframe and the transmission start
time point of a backhaul uplink signal may each vary ac-
cording to timing advance information transmitted by the
base station to the relay.

[0119] FIG. 10 illustrates a relationship between trans-
mission and reception of a backhaul uplink signal be-
tween a base station and a relay based on a backhaul
uplink transmission method according to another exem-
plary embodiment of the present invention.

[0120] Like in FIG. 9, it is assumed in the exemplary
embodiment of FIG. 10 that R = 14. Also, it is assumed
that a time for switching from uplink transmission to uplink
reception at the RF terminal of a relay and a time for
switching from uplink reception to uplink transmission are
each greater than the cyclic prefix of a symbol.

[0121] In the exemplary embodiment shown in FIG.
10, a relay sets the start time point of a backhaul uplink
subframe to be earlier than a point in time when the relay
transmits a base station access uplink signal in the UE
mode of relay by Tgp1_UL. In this case, the base station
canreceive a backhaul uplink signal through the first sym-
bol to the second to last symbol of a base station access
uplink subframe. The relay can transmit the backhaul up-
link signal through the first symbol to the second to last
symbol of the backhaul uplink subframe.

[0122] The relay can begin to transmit the backhaul
uplink signal at a point in time when the relay begins to
transmit the base station access uplink signal in the UE
mode of relay. Alternatively, the relay may begin to trans-
mit the backhaul uplink signal at a point in time later than
the start time point of the backhaul uplink subframe by
Tgp1_UL, as shown in FIG. 10.

[0123] The start time point of a backhaul uplink sub-
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frame and the transmission start time point of a backhaul
uplink signal mentioned above can be applied at least
when the relay switches from the UE mode of relay to
the base station mode of relay. After the relay switches
to the base station mode of relay, the start time point of
a backhaul uplink subframe and the transmission start
time point of a backhaul uplink signal may each vary ac-
cording to timing advance information transmitted by the
base station to the relay.

[0124] FIG. 11 illustrates arelationship between trans-
mission and reception of a backhaul uplink signal be-
tween a base station and a relay based on a backhaul
uplink transmission method according to still another ex-
emplary embodiment of the present invention.

[0125] Like in FIGS. 9 and 10, it is assumed in the
exemplary embodiment of FIG. 11 that R = 14. Also, it is
assumed that a time for switching from uplink transmis-
sion to uplink reception at the RF terminal of a relay and
a time for switching from uplink reception to uplink trans-
mission are each greater than the cyclic prefix of a sym-
bol.

[0126] In the exemplary embodiment of FIG. 11, the
start time point of a backhaul uplink subframe is set to
be the same as that of a base station access uplink sub-
frame. In this case,

[0127] FIGS. 11(A) to 11(C) illustrate a change in the
period of a backhaul uplink signal exchanged between a
base station and a relay according to Tp. FIG. 11(A) il-
lustrates a case in which Tp is equal to 0, FIG. 11(B)
illustrates a case in which Tp is a positive real number,
and FIG. 11(C) illustrates a case in which Tp is greater
than that of FIG. 11(B). Referring to FIGS. 11(A) to 11
(C) infurther detail,in FIG. 11(A) where Tpis 0, the period
of a backhaul uplink signal ranges from symbol 1 to sym-
bol 12. In FIG. 11(B) where Tp is a positive real number,
the period of a backhaul uplink signal ranges from symbol
1 to symbol 13, and in FIG. 11(C) where Tp is greater
than that of FIG. 11(B), a backhaul uplink signal period
ranges from symbol 2 to symbol 13. According to Tp, a
backhaul uplink signal period may range from symbol 3
to symbol 13, symbol 4 to symbol 13, or so on. Backhaul
uplink signal period information can indicate one of the
aforementioned periods.

[0128] In the exemplary embodiment of FIG. 11, the
base station can receive a backhaul uplink signal through
symbol p to symbol q of a base station access uplink
subframe. The relay can transmit the backhaul uplink sig-
nal through symbol p to symbol q of a backhaul uplink
subframe. Here, p>1, and <R - 1. In other words, the
relay transmits a backhaul uplink signal using symbols
for backhaul uplink signal transmission including the sec-
ond symbol of a base station access uplink subframe to
the last symbol as maximum. Here, it can be seen from
FIG. 11 that the start symbol and the end symbol among
the symbols for backhaul uplink signal transmission may
vary according to at least one of the length of the signal
transmission time of a backhaul uplink and a time for the
relay to switch between transmission and reception.
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[0129] Also, in the exemplary embodiment of FIG. 11,
the relay sets the start time point of a backhaul uplink
subframe to be similar to the start time point of a base
station access uplink subframe. To this end, the relay
sets the start time point of a backhaul uplink subframe
to be later than a point in time when the relay begins to
transmit a base station access uplink signal by half a time
indicated by timing advance information transmitted by
the base station to the relay. In this way, the start time
point of a backhaul uplink subframe can be almost the
same as the start time point of a base station access
uplink subframe. The relay may begin to transmit a back-
haul uplink signal later than the start time point of a back-
haul uplink subframe by Tgp1_UL. According to Tp, the
lengths of guard periods Tgp1_UL and Tgp2_UL may
vary, and also the period of a backhaul uplink signal that
can be exchanged between the relay and the base station
may vary. Tp can vary according to the location where
the relay is deployed.

[0130] Here, the base station can transmit information
about the period of a backhaul uplink signal that will be
transmitted by the relay to the relay by upper layer sign-
aling (RRC signaling in the case of 3GPP). As an exem-
plary embodiment of the information about the period of
a backhaul uplink signal, the respective indices of the
first symbol and the last symbol of the backhaul uplink
signal can be known.

[0131] As another exemplary embodiment of the peri-
od information of a backhaul uplink signal, the periods of
a plurality of backhaul uplink signals may be determined
in advance, and one of the periods may be known. The
relay transmits a backhaul uplink signal on the basis of
the backhaul uplink signal period information received
from the base station.

[0132] The start time point of a backhaul uplink sub-
frame and the transmission start time point of a backhaul
uplink signal mentioned above can be applied at least
when the relay switches from the UE mode of relay to
the base station mode of relay. After the relay switches
to the base station mode of relay, the start time point of
a backhaul uplink subframe and the transmission start
time point of a backhaul uplink signal may each vary ac-
cording to timing advance information transmitted by the
base station to the relay.

[0133] FIG. 12illustrates a relationship between trans-
mission and reception of a backhaul uplink signal be-
tween a base station and a relay based on a backhaul
uplink transmission method according to yet another ex-
emplary embodiment of the present invention.

[0134] In the exemplary embodiment of FIG. 12, it is
also assumed that R = 14. Meanwhile, the exemplary
embodiment of FIG. 12 is different from other exemplary
embodiments in that it is assumed that a time for switch-
ing from uplink transmission to uplink reception at the RF
terminal of a relay and a time for switching from uplink
reception to uplink transmission at the RF terminal of the
relay are each much less than the cyclic prefix of a sym-
bol. In this case, the guard periods GP1_UL and GP2_UL
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are each included in the cyclic prefix of a symbol, and
thus are not shown in FIG. 12.

[0135] In the exemplary embodiment of FIG. 12, the
relay sets the start time point of a backhaul uplink sub-
frame to be a point in time when the relay transmits a
base station access uplink signal in the UE mode of relay.
In this case, a base station can receive a backhaul uplink
signal through the first symbol to the last symbol of a
base station access uplink subframe. The relay can
transmit the backhaul uplink signal through the first sym-
bol to the last symbol of the backhaul uplink subframe.
Therelay can begin to transmit the backhaul uplink signal
at the start time point of the backhaul uplink subframe.
[0136] The start time point of a backhaul uplink sub-
frame and the transmission start time point of a backhaul
uplink signal mentioned above can be applied at least
when the relay switches from the UE mode of relay to
the base station mode of relay. After the relay switches
to the base station mode of relay, the start time point of
a backhaul uplink subframe and the transmission start
time point of a backhaul uplink signal may each vary ac-
cording to timing advance information transmitted by the
base station to the relay.

[0137] Thus far, backhaul uplink transmission meth-
ods according to exemplary embodiments of the present
invention have been described.

[0138] Next, downlink and uplink configurations will be
described below.

[0139] In relation to downlink and uplink transmission
timings described above, arelay can transmit information
about a time for switching between transmission and re-
ception at the RF terminal of the relay to a base station
by upper layer signaling (RRC signaling in the case of
3GPP). The time for switching between transmission and
reception at the RF terminal of the relay includes, for
example, a time for switching from downlink transmission
to downlink reception, a time for switching from downlink
reception to downlink transmission, a time for switching
from uplink transmission to uplink reception, a time for
switching from uplink reception to uplink transmission,
etc. atthe RF terminal of the relay. Using this information,
the base station can determine the period configuration
information of a backhaul downlink signal that can be
exchanged with the relay, the period configuration infor-
mation of a backhaul uplink signal that can be exchanged
with the relay, and so on.

[0140] In relation to a backhaul downlink, a base sta-
tion may notify a relay of the period configuration infor-
mation of a backhaul downlink signal by upper layer sig-
naling (RRC signaling may be used in the case of 3GPP),
and the base station and the relay may selectively use
one or more of a plurality of backhaul downlink signal
period configurations to exchange a backhaul downlink
signal. Here, selection of a backhaul downlink signal pe-
riod configuration may vary according to the deployment
method of the relay or time. Every time selection of a
backhaul downlink signal period configuration varies, the
base station transmits period configuration information
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of the backhaul downlink signal to the relay. Here, the
period configuration information of the backhaul downlink
signal indicates the configurations shown in the exem-
plary embodiments of FIGS. 3 to 7, that is, information
about symbols of a whole base station access downlink
subframe through which the signal is actually transmitted
and information about backhaul downlink transmission
timings of the base station and the relay.

[0141] Alternatively, the base station may not notify
the relay of the period configuration information of a back-
haul downlink signal, and the base station and the relay
may exchange a backhaul downlink signal using one or
more predefined backhaul downlink signal period config-
urations.

[0142] In relation to a backhaul uplink, a base station
may notify a relay of the period configuration information
of a backhaul uplink signal by upper layer signaling (RRC
signaling may be used in the case of 3GPP), and the
base station and the relay may selectively use one or
more of a plurality of backhaul uplink signal period con-
figurations to exchange a backhaul uplink signal. Here,
selection of a backhaul uplink signal period configuration
may vary according to the deployment method of the re-
lay or time. Every time selection of a backhaul uplink
signal period configuration varies, the base station trans-
mits period configuration information of the backhaul up-
link signal to the relay. Here, the period configuration
information of the backhaul uplink signal indicates the
configurations shown in the exemplary embodiments of
FIGS. 9 to 12, that is, information about symbols of a
whole backhaul uplink subframe through which the signal
is actually transmitted and information about a backhaul
uplink transmission timing of the relay and a backhaul
uplink reception timing of the base station.

[0143] Alternatively, the base station may not notify
the relay of the period configuration information of a back-
haul uplink signal, and the relay and the base station may
exchange a backhaul uplink signal using one or more
predefined backhaul downlink signal period configura-
tions.

[0144] Meanwhile, the relay can configure a relay ac-
cess uplink subframe as a relay access uplink channel
measurement subframe to receive a relay access uplink
channel measurement reference signal from a relay UE.
From a specific symbol of a relay access uplink channel
measurement subframe, the relay can receive a relay
access uplink channel measurement reference signal
transmitted by a relay UE. The whole or a part of a relay
access uplink subframe may be configured as a relay
access uplink channel measurement subframe. Config-
uration information of such a relay access uplink channel
measurement subframe may be determined by the relay
and transmitted to the base station by upper layer sign-
aling (RRC signaling may be used in the case of 3GPP),
or determined by the base station and transmitted to the
relay by upper layer signaling (RRC signaling may be
used in the case of 3GPP).

[0145] Whenthe relay transmits a backhaul uplink sub-
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frame, the period of the backhaul uplink subframe trans-
mitted by the relay may vary according to whether or not
a relay access uplink subframe immediately ahead of or
behind the backhaul uplink subframe is a relay access
uplink channel measurement subframe, which can be
seen in the exemplary embodiment of FIG. 13.

[0146] FIG. 13 illustrates frame structures of a relay
and a base station when two different uplink timing con-
figurations are simultaneously used on the basis of an
uplink configuration method according to an exemplary
embodiment of the present invention.

[0147] Here, GP1_UL and GP2_UL indicate an uplink
preceding guard period and uplink following guard period
respectively, and the lengths of the respective guard pe-
riods are Tgp1_UL and Tgp2_UL. Also, Tp indicates a
signal transmission time between a base station and a
relay. It is assumed that each of a relay access uplink
subframe 1310 and a backhaul uplink subframe 1320
consists of 14 symbols. Also, it is assumed that a time
for switching from uplink transmission to uplink reception
at the RF terminal of a relay and a time for switching from
uplink reception to uplink transmission at the RF terminal
of a relay are each greater than the cyclic prefix of a
symbol.

[0148] FIG. 13(A) illustrates a case in which the relay
access uplink subframe 1310 is not a relay access uplink
channel measurement subframe. In this case, a base
station can receive a backhaul uplink signal through the
second symbol to the last symbol of a base station access
uplink subframe, like in the above described uplink trans-
mission method of FIG. 9 according to an exemplary em-
bodiment of the present invention. A relay can transmit
the backhaul uplink signal through the second symbol to
the last symbol of the backhaul uplink subframe 1320.
[0149] Meanwhile, FIG. 13(B) illustrates a case in
which a relay access uplink subframe is a relay access
uplink channel measurement subframe. Here, the relay
may not receive the last symbol of the relay access uplink
subframe. Like in the above described uplink transmis-
sion method of FIG. 12 according to an exemplary em-
bodiment of the present invention, a base station can
receive a backhaul uplink signal through the first symbol
to the last symbol of a base station access uplink sub-
frame. The relay can transmit the backhaul uplink signal
through the first symbol to the last symbol of a backhaul
uplink subframe.

[0150] Referring to FIGS. 13(A) and 13(B), it can be
seen that a relay receives relay access uplink subframes
atthe same pointintime. Also, although periods allocated
to backhaul uplink signals are different from each other
in FIGS. 13(A) and 13(B), a base station receives symbol
1 to symbol 13 of the back uplink signals at the same
point in time. In other words, the number of backhaul
uplink signal symbols transmitted by the relay may vary,
for example, may be 13 or 14, but the relay transmits the
backhaul uplink signal symbols at the same point in time.
Thus, in the respective cases of FIGS. 13(A) and 13(B),
the base station does not need to transmit different pieces
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of timing advance information to the relay. In the case of
FIG. 13(A), the relay begins to transmit the backhaul up-
link signal later than a reference point in time by one
symbol, and in the case of FIG. 13(B), the relay begins
to transmit the backhaul uplink signal at the reference
point in time. Here, the reference point in time can be the
start time point of the backhaul uplink subframe in FIG.
13(B).

[0151] In brief, in a backhaul downlink between a base
station and a relay according to an aspect of the present
invention, the base station and the relay exchange a
backhaul downlink signal using period configuration in-
formation of the backhaul downlink signal or information
about the period of the backhaul downlink signal. Also,
in a backhaul uplink between a base station and a relay
according to an exemplary embodiment of the present
invention, the base station and the relay exchange a
backhaul uplink signal using period configuration infor-
mation of the backhaul uplink signal or information about
the period of the backhaul uplink signal.

[0152] Backhaul uplink transmission according to an-
other aspect of the present invention will be described
below.

[0153] A backhaul uplink subframe may consist of a
backhaul uplink signal period and a guard period. A back-
haul uplink signal includes a backhaul uplink physical
data channel, a backhaul uplink physical control channel,
a backhaul uplink demodulation reference signal, a back-
haul uplink channel measurement reference signal, and
so on. Also, the backhaul uplink signal may further in-
clude other signals in addition to the aforementioned sig-
nals.

[0154] Due to a signal transmission time between a
base station and a relay, a time for switching between
backhaul uplink transmission and relay access uplink re-
ception atthe RF terminal of the relay, etc., a guard period
can be put in the front portion, the rear portion, or the
front and rear portions of a backhaul uplink subframe.
The length of the guard period is not limited, and the
lengths of the guard periods in the front and rear portions
may be the same as or different from each other.
[0155] The relay 210 performing uplink transmission
according to an exemplary embodiment of the present
invention configures an uplink frame to have one back-
haul uplink subframe in which a first backhaul uplink de-
modulation reference signal and a second backhaul up-
link demodulation reference signal are disposed. Alter-
natively, the relay 210 may configure an uplink frame to
have one backhaul uplink subframe in which only one
backhaul uplink demodulation reference signal is dis-
posed. When two or more backhaul uplink subframes to
be transmitted by the relay 210 to a base station are
consecutively disposed, the relay 210 according to an
exemplary embodiment of the presentinvention replaces
a guard period disposed at a position where one of the
backhaul uplink subframes is in contact with the other
backhaul uplink subframe with a backhaul uplink signal
period to adaptively configure a backhaul uplink sub-
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frame.

[0156] A base station 110 according to an exemplary
embodiment of the present invention can transmit infor-
mation about the format of a separate backhaul uplink
subframe to be used by a relay to the relay in advance.
The base station 110 receives two or more consecutive
backhaul uplink subframes from the relay, and infers the
format of the two or more consecutive backhaul uplink
subframes from the format of the predefined separate
backhaul uplink subframe.

[0157] FIG. 14 illustrates several formats of a backhaul
uplink subframe according to exemplary embodiments
of the present invention.

[0158] Referring to the backhaul uplink subframe for-
mats shown in FIG. 14, a subframe can be configured
according to whether or not a guard period exists and
disposition of a guard period as type A in which guard
periods are disposed on both sides of a backhaul uplink
signal period, type B in which a guard period is only dis-
posed ahead of a backhaul uplink signal period, type C
in which a guard period is only disposed behind a back-
haul uplink signal period, and type D in which no guard
period but only a backhaul uplink signal period exists.
Here, a guard period disposed ahead of a signal period
is referred to as a preceding guard period, and a guard
period disposed behind a signal period is referred to as
a following guard period.

[0159] Abase station and arelay can perform backhaul
uplink transmission and reception using a backhaul up-
link subframe of a fixed format or a predefined format.
Alternatively, the several subframe configuration types
shown in FIG. 14 may be defined, and then a specific
type may be selected by signaling and used according
to circumstances. In this case, the base station can trans-
mit format information of a backhaul uplink subframe that
will be used by the relay when one separate backhaul
uplink subframe is allocated to the relay. Here, the format
information of a separate backhaul uplink subframe can
indicate, for example, which one among type A, type B,
type C and type D that are backhaul uplink subframe
formats shown in FIG. 14 will be used. In other words,
the base station can select one of at least one backhaul
uplink subframe format predefined between the base sta-
tion and the relay and transmit information about the se-
lected subframe format to the relay by upper layer sign-
aling (RRC signaling may be used in the case of 3GPP).
[0160] Meanwhile, the base station may allocate back-
haul uplink subframes that are consecutive in time to the
relay. In this case, the relay transmits the backhaul uplink
subframes that are consecutive in time. At this time, the
following guard period of the first backhaul uplink sub-
frame, and the preceding guard period of the next back-
haul uplink subframe may be unnecessary. Thus, when
the base station allocates base station uplink subframes
that are consecutive in time to the relay, the relay adap-
tively changes the format of a backhaul uplink subframe
and transmits the backhaul uplink subframe. In this spec-
ification, the adaptively changed format of a backhaul
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uplink subframe will be referred to as "adaptive backhaul
uplink subframe format."

[0161] FIGS. 15to 18illustrate the format of a backhaul
uplink subframe varying depending on a change in the
number of backhaul uplink subframes to be consecutively
transmitted according to exemplary embodiments of the
present invention.

[0162] Whenarelaytransmits a separate backhaul up-
link subframe, the format of the backhaul uplink subframe
may be one of type A, type B, type C and type D shown
in FIG. 14. Here, "transmission of a separate backhaul
uplink subframe" indicates a case in which one backhaul
uplink subframe is not transmitted immediately before
and after the other backhaul uplink subframe is transmit-
ted.

[0163] FIG. 15illustrates formats of consecutive back-
haul uplink subframes when a separate backhaul uplink
subframe corresponds to type A of FIG. 14.

[0164] FIG. 15 shows the format of a backhaul uplink
subframe according to the number of consecutively
transmitted backhaul uplink subframes when the sub-
frame requires guard periods in the front portion and the
rear portion as type A. In other words, when two consec-
utive backhaul uplink subframes are transmitted, the
backhaul uplink subframes are transmitted in the formats
of type B and type C in sequence. When N consecutive
backhaul uplink subframes are transmitted, the foremost
and rearmost backhaul uplink subframes are transmitted
in the formats of type B and type C respectively, and N-
2 backhaul uplink subframes between the foremost and
rearmost backhaul uplink subframes are transmitted in
the format of type D.

[0165] FIG. 16illustrates formats of consecutive back-
haul uplink subframes when a separate backhaul uplink
subframe corresponds to type B of FIG. 14.

[0166] It is possible to check in FIG. 16 the format of
a backhaul uplink subframe according to the number of
consecutively transmitted backhaul uplink subframes
when one separate backhaul uplink subframe transmit-
ted by a relay requires a guard period in the front portion
as type B. When N consecutive backhaul uplink sub-
frames are transmitted, the foremost backhaul uplink
subframe is transmitted in the format of type B, and the
following N-1 backhaul uplink subframes are transmitted
in the format of type D.

[0167] FIG. 17 illustrates formats of consecutive back-
haul uplink subframes when a separate backhaul uplink
subframe corresponds to type C of FIG. 14.

[0168] In other words, FIG. 17 shows the format of a
backhaul uplink subframe according to the number of
consecutively transmitted backhaul uplink subframes
when one separate backhaul uplink subframe transmit-
ted by a relay requires a guard period in the rear portion
as type C. When N consecutive backhaul uplink sub-
frames are transmitted, the rearmost backhaul uplink
subframe is transmitted in the format of type C, and the
preceding N-1 backhaul uplink subframes are transmit-
ted in the format of type D.

EP 2 410 668 A2

10

15

20

25

30

35

40

45

50

55

16

30

[0169] FIG. 18illustrates formats of consecutive back-
haul uplink subframes when a separate backhaul uplink
subframe corresponds to type D of FIG. 14.

[0170] When one separate backhaul uplink subframe
transmitted by a relay requires no guard period as type
D, all backhaul uplink subframes are transmitted in the
format of type D regardless of the number of consecu-
tively transmitted backhaul uplink subframes, as shown
in FIG. 18.

[0171] In brief, when two or more backhaul uplink sub-
frames to be transmitted by a relay to a base station are
consecutively disposed in the exemplary embodiments
of FIGS. 15 to 18, a guard period disposed at a position
where one backhaul uplink subframe is in contact with
another backhaul uplink subframe is replaced with a
backhaul uplink signal period to adaptively configure a
backhaul uplink subframe.

[0172] Also, even if a relay does not notify a base sta-
tion of the format of a backhaul uplink subframe trans-
mitted by the relay itself, the base station can tacitly know
the format of a backhaul uplink subframe transmitted by
the relay when the base station allocates backhaul uplink
subframes that are consecutive in time to the relay. In
other words, when the base station receives two or more
consecutive backhaul uplink subframes from the relay,
the base station can infer the formats of the two or more
consecutive backhaul uplink subframes from the format
of a predefined separate backhaul uplink subframe.
[0173] The internal constitution of a backhaul uplink
subframe will be described below.

[0174] When a relay transmits backhaul uplink physi-
cal data, a backhaul uplink subframe may consist of a
symbol through which the backhaul uplink physical data
is transmitted, a symbol through which a backhaul uplink
demodulation reference signal is transmitted, and a
guard period. Here, the guard period can be disposed in
the front portion, the rear portion, or the front and rear
portions of the backhaul uplink subframe, and the lengths
of the preceding and following guard periods may be the
same as or different from each other.

[0175] FIGS. 19 to 22 illustrate backhaul uplink sub-
frame structures according to exemplary embodiments
of the present invention.

[0176] Here, it is possible to check a change in the
structure of a backhaul uplink subframe according to the
number of symbols constituting the backhaul uplink sub-
frame, the number of symbols through which backhaul
uplink physical data is transmitted, the number of sym-
bols through which a backhaul uplink demodulation ref-
erence signal is transmitted, and a change in the length
of a guard period.

[0177] FIGS. 19 and 20 show disposition of two back-
haul uplink demodulation reference signals 810 and 820
in a backhaul uplink subframe. FIG. 19 shows cases in
which a backhaul uplink subframe has the same length
as 14 symbols, and FIG. 20 shows cases in which a back-
haul uplink subframe has the same length as 12 symbols.
[0178] Also, it is assumed in FIGS. 19 and 20 that a
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backhaul uplink physical data channel is transmitted
through the last symbol of a backhaul uplink subframe.
However, depending on a backhaul uplink subframe, a
backhaul uplink channel measurement reference signal
may be transmitted through the last symbol of the back-
haul uplink subframe.

[0179] FIGS. 19(A) to (E) show structures of a back-
haul uplink subframe including 14 symbols in which the
two backhaul uplink demodulation reference signals 810
and 820 are present according to exemplary embodi-
ments of the present invention.

[0180] The backhaul uplink subframe structure of FIG.
19(A) corresponds to a case in which a guard period is
small enough to be neglected. In this structure, the first
backhaul uplink demodulation reference signal 810is dis-
posed at the fourth symbol, and the second backhaul
uplink demodulation reference signal 820 is disposed at
the eleventh symbol. There are six symbols between the
two backhaul uplink demodulation reference signals 810
and 820.

[0181] The backhaul uplink subframe structure of FIG.
19(B) corresponds to a case in which a preceding guard
period 401 is disposed ahead of a backhaul uplink signal
period and a following guard period 402 is disposed be-
hind the backhaul uplink signal period. In this case, 13
symbols in one subframe actually transmit a signal. In
the subframe structure of FIG. 19(B), the first backhaul
uplink demodulation reference signal 810 is disposed at
the third symbol, the second backhaul uplink demodula-
tion reference signal 820 is disposed at the tenth symbol,
and six symbols are interposed between the two back-
haul uplink demodulation reference signals 810 and 820.
[0182] Likewise, in the backhaul uplink subframe
structure of FIG. 19(C), the preceding guard period 401
is disposed ahead of a backhaul uplink signal period, and
the following guard period 402 is disposed behind the
backhaul uplink signal period. In this case, 13 symbols
in the one subframe actually transmit a signal. In the sub-
frame structure of FIG. 19(C), the first backhaul uplink
demodulation reference signal 810 is disposed at the
fourth symbol, and the second backhaul uplink demod-
ulation reference signal 820 is disposed at the eleventh
symbol.

[0183] The backhaul uplink subframe structure of FIG.
19(D) also corresponds to a case in which the preceding
guard period 401 is disposed ahead of a backhaul uplink
signal period and the following guard period 402 is dis-
posed behind the backhaul uplink signal period. Howev-
er, this case has the longer following guard period 402
than the foregoing cases, and 12 symbols in one sub-
frame actually transmit a signal. In the subframe structure
of FIG. 19(D), the first backhaul uplink demodulation ref-
erence signal 810 is disposed at the third symbol, and
the second backhaul uplink demodulation reference sig-
nal 820 is disposed at the tenth symbol.

[0184] The backhaul uplink subframe structure of FIG.
19(E) has guard periods having the same length as those
of FIG. 19(D), and also 12 symbols in one subframe ac-
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tually transmit a signal. In the subframe structure of FIG.
19(E), the first backhaul uplink demodulation reference
signal 810 is disposed at the second symbol, and the
second backhaul uplink demodulation reference signal
820 is disposed at the ninth symbol.

[0185] In brief, two backhaul uplink demodulation ref-
erence signals are disposed in one backhaul uplink sub-
frame having a backhaul uplink subframe structure ac-
cording to an exemplary embodiment of FIG. 19, and as
many symbols as (half the maximum number of symbols
that one backhaul uplink subframe can include - 1) are
interposed between the two demodulation reference sig-
nals. In other words, in FIG. 19, a total of 14 symbols can
exist as the maximum in one backhaul uplink subframe,
and as many symbols as (14/2 - 1), that is, six symbols,
are interposed between the first backhaul uplink demod-
ulation reference signal 810 and the second backhaul
uplink demodulation reference signal 820.

[0186] FIGS. 20(A)to 20(E) show structures of a back-
haul uplink subframe including 12 symbols in which the
two backhaul uplink demodulation reference signals are
present according to exemplary embodiments of the
present invention.

[0187] The backhaul uplink subframe structure of FIG.
20(A) corresponds to a case in which a guard period is
small enough to be neglected. In this structure, a first
backhaul uplink demodulation reference signal 810is dis-
posed at the third symbol, and a second backhaul uplink
demodulation reference signal 820 is disposed at the
ninth symbol. Five symbols are interposed between the
two backhaul uplink demodulation reference signals 810
and 820.

[0188] The backhaul uplink subframe structure of FIG.
20(B) corresponds to a case in which a preceding guard
period 401 is disposed ahead of a backhaul uplink signal
period and a following guard period 402 is disposed be-
hind the backhaul uplink signal period. In this case, 11
symbols in one subframe actually transmit a signal. In
the subframe structure of FIG. 20(B), the first backhaul
uplink demodulation reference signal 810 is disposed at
the second symbol, the second backhaul uplink demod-
ulation reference signal 820 is disposed at the eighth
symbol, and five symbols are disposed between the two
backhaul uplink demodulation reference signals 810 and
820.

[0189] Likewise, the backhaul uplink subframe struc-
ture of FIG. 20(C) has preceding and following guard
periods having the same length as those of FIG. 20(B).
In the subframe structure of FIG. 20(C), the first backhaul
uplink demodulation reference signal 810 is disposed at
the third symbol, and the second backhaul uplink demod-
ulation reference signal 820 is disposed at the ninth sym-
bol.

[0190] The backhaul uplink subframe structure of FIG.
20(D) also corresponds to a case in which guard periods
are disposed ahead of and behind a backhaul uplink sig-
nal period. However, this case has the longer following
guard period 402 than the foregoing cases, and 10 sym-
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bols in one subframe actually transmit a signal. In the
subframe structure of FIG. 20(D), the first backhaul uplink
demodulation reference signal 810 is disposed at the
second symbol, and the second backhaul uplink demod-
ulation reference signal 820 is disposed at the eighth
symbol.

[0191] The backhaul uplink subframe structure of FIG.
20(E) has the guard periods 401 and 402 having the
same length as those of FIG. 20(D), and also 10 symbols
in one subframe actually transmit a signal. In the sub-
frame structure of FIG. 20(E), the first backhaul uplink
demodulation reference signal 810 is disposed at the first
symbol, and the second backhaul uplink demodulation
reference signal 820 is disposed at the seventh symbol.
[0192] In brief, the same principle is applied to the ex-
emplary embodiments of FIGS. 19 and 20. To be specific,
two backhaul uplink demodulation reference signals are
disposed in one backhaul uplink subframe having a back-
haul uplink subframe structure according to an exemplary
embodiment, and as many symbols as (half the maxi-
mum number of symbols that one backhaul uplink sub-
frame can include - 1) are interposed between the two
demodulation reference signals. In other words, in FIG.
20, a total of 12 symbols can exist as the maximum in
one backhaul uplink subframe, and as many symbols as
(12/2 - 1), that is, five symbols, are interposed between
the first backhaul uplink demodulation reference signal
810 and the second backhaul uplink demodulation ref-
erence signal 820.

[0193] FIGS. 21 and 22 show disposition of one back-
haul uplink demodulation reference signal in a backhaul
uplink subframe when there is the one backhaul uplink
demodulation reference signal in the backhaul uplink
subframe.

[0194] FIG. 21 shows frame structures according to
exemplary embodiments of the present invention when
one backhaul uplink demodulation reference signal 1000
is disposed in a backhaul uplink subframe having 14 sym-
bols.

[0195] FIGS. 21(A) and 21(B) show cases in which a
guard period is small enough to be neglected, and FIGS.
21(C) to 21(H) show cases in which a preceding guard
period 401 is disposed ahead of a backhaul uplink signal
period and a following guard period 402 is disposed be-
hind the backhaul uplink signal period. As can be seen
from FIG. 21, the length of a guard period may vary ac-
cording to various factors, and the lengths of guard pe-
riods shown in FIG. 21 are merely exemplary embodi-
ments.

[0196] Itis assumed in FIG. 21 that a backhaul uplink
physical data channel is transmitted through the last sym-
bol of a backhaul uplink subframe. However, depending
on a backhaul uplink subframe, a backhaul uplink chan-
nel measurement reference signal may be transmitted
through the last symbol of the backhaul uplink subframe.
[0197] In FIGS. 21(A) and 21(B), a guard period is
small enough to be neglected, and thus a backhaul uplink
signal period in which a signal is actually transmitted con-
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sists of 14 symbols. FIG. 21(A) shows a case in which
the backhaul uplink demodulation reference signal 1000
is disposed atthe seventh symbolamong the 14 symbols,
and FIG. 21(B) shows a case in which the backhaul uplink
demodulation reference signal 1000 is disposed at the
eighth symbol.

[0198] FIGS. 21(C) to 21(E) correspond to cases in
which the preceding guard period 401 is disposed ahead
of abackhaul uplink signal period and the following guard
period 402 is disposed behind the backhaul uplink signal
period, and a backhaul uplink signal period in which a
signal is actually transmitted consists of 13 symbols. FIG.
21(C) shows a case in which the backhaul uplink demod-
ulation reference signal 1000 is disposed at the sixth sym-
bol among the 13 symbols, FIG. 21(D) shows a case in
which the backhaul uplink demodulation reference signal
1000 is disposed at the seventh symbol, and FIG. 21(E)
shows a case in which the backhaul uplink demodulation
reference signal 1000 is disposed at the eighth symbol.
[0199] FIGS. 21(F) to 21(H) correspond to cases in
which the following guard period 402 is longer than those
of FIGS. 21(C) to 21(E), and a backhaul uplink signal
period in which a signal is actually transmitted consists
of 12 symbols. FIG. 21(F) shows a case in which the
backhaul uplink demodulation reference signal 1000 is
disposed at the fifth symbol among the 12 symbols, FIG.
21(G) shows a case in which the backhaul uplink demod-
ulation reference signal 1000 is disposed at the sixth sym-
bol, and FIG. 21(H) shows a case in which the backhaul
uplink demodulation reference signal 1000 is disposed
at the seventh symbol.

[0200] In an uplink transmission method illustrated in
FIG. 21 according to an exemplary embodiment of the
present invention, an uplink frame is configured to have
one backhaul uplink subframe in which only one backhaul
uplink demodulation reference signal is disposed. Here,
the backhaul uplink demodulation reference signal 1000
is disposed at a position in the backhaul uplink subframe
where a difference between the number of symbols pre-
ceding the backhaul uplink demodulation reference sig-
nal and the number of symbols following the backhaul
uplink demodulation reference signal does not exceed
three.

[0201] FIG. 22 shows frame structures according to
exemplary embodiments of the present invention when
one backhaul uplink demodulation reference signalis dis-
posed in a backhaul uplink subframe having 12 symbols.
[0202] FIGS. 22(A) and 22(B) show cases in which a
guard period is small enough to be neglected, and FIGS.
22(C) to 22(H) show cases in which a preceding guard
period 401 is disposed ahead of a backhaul uplink signal
period and a following guard period 402 is disposed be-
hind the backhaul uplink signal period. As can be seen
from FIG. 22, the length of a guard period may vary ac-
cording to various factors, and the lengths of guard pe-
riods shown in FIG. 22 are merely exemplary embodi-
ments.

[0203] Itis assumed in FIG. 22 that a backhaul uplink
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physical data channel is transmitted through the last sym-
bol of a backhaul uplink subframe. However, depending
on a backhaul uplink subframe, a backhaul uplink chan-
nel measurement reference signal may be transmitted
through the last symbol of the backhaul uplink subframe.
[0204] In FIGS. 22(A) and 22(B), a guard period is
small enough to be neglected, and thus a backhaul uplink
signal period in which a signal is actually transmitted con-
sists of 12 symbols. FIG. 22(A) shows a case in which a
backhaul uplink demodulation reference signal 1000 is
disposed at the sixth symbol among the 12 symbols, and
FIG. 22(B) shows a case in which the backhaul uplink
demodulation reference signal 1000 is disposed at the
seventh symbol.

[0205] FIGS. 22(C) to 22(E) correspond to cases in
which guard periods are disposed ahead of and behind
a backhaul uplink signal period, and a backhaul uplink
signal period in which a signal is actually transmitted con-
sists of 11 symbols. FIG. 22(C) shows a case in which
the backhaul uplink demodulation reference signal 1000
is disposed at the fifth symbol among the 11 symbols,
FIG. 22(D) shows a case in which the backhaul uplink
demodulation reference signal 1000 is disposed at the
sixth symbol, and FIG. 22(E) shows a case in which the
backhaul uplink demodulation reference signal 1000 is
disposed at the seventh symbol.

[0206] FIGS. 22(F) to 22(H) correspond to cases in
which the following guard period 402 is longer than those
of FIGS. 22(C) to 22(E), and a backhaul uplink signal
period in which a signal is actually transmitted consists
of 10 symbols. FIG. 22(F) shows a case in which the
backhaul uplink demodulation reference signal 1000 is
disposed at the fourth symbol among the 10 symbols,
FIG. 22(G) shows a case in which the backhaul uplink
demodulation reference signal 1000 is disposed at the
fifth symbol, and FIG. 22(H) shows a case in which the
backhaul uplink demodulation reference signal 1000 is
disposed at the sixth symbol.

[0207] In brief, in an uplink transmission method illus-
trated in FIG. 22 according to an exemplary embodiment
of the present invention, an uplink frame is configured to
have one backhaul uplink subframe in which only one
backhaul uplink demodulation reference signal is dis-
posed. Here, the backhaul uplink demodulation refer-
ence signal 1000 is disposed at a position in the backhaul
uplink subframe where a difference between the number
of symbols preceding the backhaul uplink demodulation
reference signal and the number of symbols following
the backhaul uplink demodulation reference signal does
not exceed three.

[0208] Backhaul downlink transmission according to
still another aspect of the present invention will be de-
scribed below.

[0209] As described above with reference to FIG. 2, a
base station and a relay transmit and receive a backhaul
downlink signal. The backhaul downlink signal may in-
clude a backhaul downlink physical data channel, a back-
haul downlink physical control channel, a backhaul down-
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link reference signal, etc. and may further include another
channel or signal in addition to the aforementioned chan-
nels or signal.

[0210] The start position of a backhaul downlink signal
may vary according to the number of symbols through
which a base station access downlink physical control
channel of a base station access downlink signal is trans-
mitted, the number of symbols through which a relay ac-
cess downlink physical control channel of a relay access
downlink signal is transmitted, a signal propagation delay
between a base station and a relay, a time for the relay
to switch from transmission to reception, a timing config-
uration of a relay access downlink subframe and so on.
The end position of a backhaul downlink signal may vary
according to a signal propagation delay between a base
station and a relay, a time for the relay to switch from
reception to transmission, the timing configuration of a
relay access downlink subframe, and so on.

[0211] To determine the start position of a backhaul
downlink signal, a relay may transmit information about
the number of symbols through which a relay access
downlink physical control channelis transmitted to abase
station. Alternatively, the base station may transmit the
information about the number of symbols through which
arelay access downlink physical control channel is trans-
mitted to the relay. The relay transmits the relay access
downlink physical control channel according to the infor-
mation received from the base station.

[0212] Inabackhaul downlink physical control channel
region, one or more backhaul downlink physical control
channels are transmitted. Here, a region denotes a com-
bination of a time domain, frequency domain, spatial do-
main, code domain, and so on. The start position of a
time domain of a backhaul downlink physical control
channel region may be predefined, and the start position
information may not be signaled. Alternatively, the start
position information may be transmitted by upper layer
signaling (RRC signaling may be used in the case of
3GPP).

[0213] Here, the start position information of a time do-
main of a backhaul downlink physical control channel
region denotes the index of a symbol in a base station
access downlink subframe at which the time domain of
the backhaul downlink physical control channel region
begins. The end position of the time domain of the back-
haul downlink physical control channel region may be
predefined, and the end position information may not be
signaled. Alternatively, the end position information may
be transmitted by upper layer signaling (RRC signaling
may be used in the case of 3GPP). Also, the end position
information of the time domain of the backhaul downlink
physical control channel region denotes the index of a
symbol at which the time domain of the backhaul down-
link physical control channel region ends in the base sta-
tion access downlink subframe.

[0214] The position information of a frequency domain
of a backhaul downlink physical control channel region
can be transmitted by upper layer signaling (RRC sign-
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aling may be used in the case of 3GPP). Here, the posi-
tion information of a frequency domain of a backhaul
downlink physical control channel region indicates the
position of a frequency domain in a system bandwidth at
which a backhaul downlink physical control channel is
transmitted, and can be known in subcarrier units or in
units of sets of subcarriers.

[0215] The start position of atime domain of a backhaul
downlink physical data channel may be predefined, and
the start position information may not be signaled. Alter-
natively, the start position information may be transmitted
by upper layer signaling (RRC signaling may be used in
the case of 3GPP) or through a backhaul downlink phys-
ical control channel.

[0216] Here, the start position information of a time do-
main of a backhaul downlink physical data channel de-
notes the index of a symbol in a base station access
downlink subframe at which the time domain of the back-
haul downlink physical data channel begins. The symbol
index may indicate the order of the symbol at which the
time domain of the backhaul downlink physical data
channel begins using an absolute value or arelative value
with respectto the index of a specific symbol. The specific
symbol may be a symbol at which the time domain of a
backhaul downlink physical control channel region be-
gins.

[0217] The end position of the time domain of the back-
haul downlink physical data channel may be predefined,
and the end position information may not be signaled.
Alternatively, the end position information may be trans-
mitted by upper layer signaling (RRC signaling may be
used in the case of 3GPP).

[0218] Here, the end position information of the time
domain of the backhaul downlink physical data channel
denotes the index of a symbol in a base station access
downlink subframe at which the time domain of the back-
haul downlink physical data channel ends. The symbol
index may indicate the order of the symbol at which the
time domain of the backhaul downlink physical data
channel ends using an absolute value or a relative value
with respect to the index of a specific symbol. The specific
symbol may be a symbol at which the time domain of a
backhaul downlink physical control channel region ends.
[0219] Position information of a frequency domain of
a backhaul downlink physical data channel can be trans-
mitted through a backhaul downlink physical control
channel. Here, the position information of a frequency
domain of a backhaul downlink physical data channel
denotes the position of a frequency domain in a system
bandwidth at which a backhaul downlink physical control
channel is transmitted, and can be known in subcarrier
units orin units of sets of subcarriers. A frequency domain
of a backhaul downlink physical data channel may in-
clude a frequency domain of a backhaul downlink phys-
ical control channel indicating the backhaul downlink
physical data channel.

[0220] A subject related to information transmitted
through a backhaul link between a base station and a
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relay as described above, in particular, transmission of
relay system information through a backhaul link be-
tween a base station and a relay, will be described below.
[0221] When arelay operates in the UE mode of relay,
the relay can receive base station cell system informa-
tion, which is transmitted by a base station to which the
relay belongs to UEs, relays, etc. within the base station
cell, through a base station access downlink in the same
process as a base station UE. In the UE mode of relay,
relay system information which is common to relays is
transmitted by signaling dedicated to each relay (e.g.,
RRC signaling in the case of a 3GPP system).

[0222] Onthe other hand, when a relay operates in the
base station mode of relay, the relay transmits data to a
relay UE. Thus, the relay cannot receive a base station
access downlink and may not receive relay system infor-
mation.

[0223] Here, the relay system information denotes in-
formation that can be applied in common to all relays
interoperating with a base station among information
transmitted by the base station to a relay when the base
station interoperates with at least one relay. Information
about a backhaul downlink physical control channel re-
gion can be an example of relay system information. In-
formation about a backhaul downlink physical control
channel region may include the position information of
time resources and frequency resources of a backhaul
downlink physical control channel. The position informa-
tion of time resources can be expressed by indices of a
start symbol and an end symbol. The position information
of frequency resources can be expressed by indices of
a start frequency resource and an end frequency re-
source (physical resource block (PRB) indices in the case
of 3GPP), or in the form of a bitmap. In the form of a
bitmap, only resources through which a backhaul down-
link physical control channel is transmitted among all fre-
quency resources are expressed by 1.

[0224] Relay system information may also include a
part of the system information of a base station cell that
is transmitted by a base station, to which a relay belongs,
to UEs, relays, etc., within the base station cell.

[0225] It has been mentioned above that a relay may
not receive relay system information through a base sta-
tion access downlink when the relay operates in the base
station mode of relay. To solve this problem according
to an exemplary embodiment of the present invention,
relay system information can be transferred through a
backhaul downlink while a relay operates in the base
station mode of relay.

[0226] In an exemplary embodiment of the present in-
vention, relay system information is transmitted through
a backhaul downlink physical control channel among re-
sources allocated to a backhaul downlink, and for con-
venience, the backhaul downlink physical control chan-
nel is referred to as a relay-common backhaul downlink
physical control channel. A relay-common backhaul
downlink physical control channel may include informa-
tion about a positionin time and frequency domains, mod-
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ulation, encoding, etc. of a backhaul downlink physical
data channel through which relay system information is
transmitted.

[0227] Since a relay-common backhaul downlink
physical control channel is information about a plurality
of relays, the relays should be able to demodulate the
information. To this end, data for checking a transmission
error of a relay-common backhaul downlink physical con-
trol channel, for example, cyclic redundancy check
(CRC) can be masked with a relay-common identifier.
For example, a relay system information-radio network
temporary identifier (RSI-RNTI) can be used as the relay-
common identifier.

[0228] FIG. 23illustrates atransmission period of relay
system information according to an exemplary embodi-
ment of the present invention.

[0229] Relay system information according to an ex-
emplary embodiment of the present invention can be
modified by predetermined periods Tm and is not modi-
fied during one period. For convenience, such a period
is referred to as a relay system information modification
period. A relay system information modification period
may be set to, for example, at least one radio frame or
at least one subframe. The length information of a relay
system information modification period can be included
in relay system information and transmitted.

[0230] A notification about whether relay system infor-
mation is modified in the next modification period may
be included in a relay-common backhaul downlink phys-
ical control channel, and such a notification of relay sys-
tem information modification may be included one or
more times in one modification period Tm. The notifica-
tion of relay system information modification can be im-
plemented, for example, in the form of a bit indicating
whether or not relay system information is modified.
When the corresponding bit is "1," it may mean that the
relay system information is modified in a next modifica-
tion period, and the corresponding relay may receive and
apply modified relay system information in the next mod-
ification period. When the corresponding bitis "0," it may
mean that the relay system information is not modified
in the next modification period.

[0231] Next, it will be described below how to allocate
the above described subframes used for a base station
access downlink, through which a backhaul downlink sig-
nal is transmitted, and a backhaul uplink.

[0232] A base station can allocate a base station ac-
cess downlink subframe, through which one or more
backhaul uplink signals are transmitted, to a relay. The
base station access downlink subframe allocation infor-
mation may be transferred in the form of a bitmap by
upper layer signaling (RRC signaling in the case of
3GPP). In the form of a bitmap, 0 or 1 is used to indicate
whether or not a backhaul downlink signal has been
transmitted in respective base station access downlink
subframes constituting one or more base station access
downlink frames. For example, 1 means that a backhaul
downlink signal has been transmitted in the correspond-
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ing base station access downlink subframe, and 0 means
that a backhaul downlink signal has not been transmitted
in the corresponding base station access downlink sub-
frame.

[0233] Also, the base station access downlink sub-
frame allocation information may be transferred by upper
layer signaling (RRC signaling in the case of 3GPP) in
the form of one or more transmission periods and the
position information of a base station access downlink
subframe in a base station access downlink frame cor-
responding to each transmission period.

[0234] The base station may transmit the allocation
information of a base station access downlink subframe,
through which the same backhaul downlink signal is
transmitted, to all relays receiving a backhaul downlink
signal from the base station itself, or transmit different
base station access downlink subframe allocation infor-
mation to the respective relays. Alternatively, the base
station may classify relays receiving a backhaul downlink
signal from the base station itself into a plurality of relay
groups and transmit the allocation information of base
station access downlink subframes, through which dif-
ferent backhaul downlink signals are transmitted, to the
respective relay groups. Here, a relay group may consist
of one or more relays, and relays in a specific relay group
receive the allocation information of a base station ac-
cess downlink subframe through which the same back-
haul downlink signal is transmitted.

[0235] Also, a base station can allocate one or more
backhaul uplink subframes to a relay. Such backhaul up-
link subframe allocation information may be transferred
in the form of a bitmap by upper layer signaling (RRC
signaling in the case of 3GPP). In the form of a bitmap,
0 or 1 is used to indicate whether or not to transmit a
backhaul uplink signal in one backhaul uplink subframe
or each of a plurality of backhaul uplink frames. For ex-
ample, 1 instructs to transmit a backhaul uplink signal in
the corresponding backhaul uplink subframe, and 0 in-
structs not to transmit a backhaul uplink signal in the cor-
responding backhaul uplink subframe. Also, the back-
haul uplink subframe allocation information may be trans-
ferred by upper layer signaling (RRC signaling in the case
of 3GPP) in the form of one or more transmission periods
and the position information of a backhaul uplink sub-
frame in a backhaul uplink frame corresponding to each
transmission period.

[0236] The base station may transmit the same back-
haul uplink subframe allocation information to all relays
transmitting backhaul uplink signals to the base station
itself, or transmit different backhaul uplink subframe al-
location information to the respective relays. Alternative-
ly, the base station may classify relays transmitting back-
haul uplink signals to the base station itself into a plurality
of relay groups and transmit different backhaul uplink
subframe allocation information to the respective relay
groups. Here, a relay group consists of one or more re-
lays, and relays in a specific relay group receive the same
backhaul uplink subframe allocation information from the
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base station.

[0237] Valid periodinformation of a backhaul downlink/
uplink physical data channel will be described below.
[0238] A base station transmits resource allocation in-
formation of a backhaul downlink physical data channel
to a relay, and the resource allocation information may
include the position of the backhaul downlink physical
data channel on physical resources, such as time, fre-
quency, and space, a modulation method, hybrid auto-
matic repeat request (HARQ) information, and so on.
When the base station transmits a backhaul downlink
physical data channel to the relay, the base station can
transmit resource allocation information for each back-
haul downlink physical data channel. Alternatively, the
base station may transmit only one piece of resource
allocation information for a plurality of backhaul downlink
physical data channels to the relay. In this case, valid
period information can be included in the resource allo-
cation information. Here, the valid period information de-
notes how many backhaul downlink physical data chan-
nels the resource allocation information including the val-
id period information is applied to. For example, when
valid period information indicates n, the same resource
allocation information including the valid period informa-
tion is applied to n backhaul downlink physical data chan-
nels. Here, a backhaul downlink physical data channel
to which the valid period information is applied may cor-
respond to HARQ retransmission or initial transmission
excluding HARQ retransmission.

[0239] Also, the base station transmits resource allo-
cation information of a backhaul uplink physical data
channel to the relay, and the resource allocation infor-
mation may include the position of the backhaul uplink
physical data channel on physical resources, such as
time, frequency, and space, a modulation method, HARQ
information, and so on. When the base station transmits
a backhaul uplink physical data channel to the relay, the
base station can transmit resource allocation information
for each backhaul uplink physical data channel. Alterna-
tively, the base station may transmit only one piece of
resource allocation information for a plurality of backhaul
uplink physical data channels to the relay. In this case,
valid period information can be included in the resource
allocation information. The valid period information de-
notes how many backhaul uplink physical data channels
the resource allocation information including the valid pe-
riod information is applied to. For example, when valid
period information indicates n, the same resource allo-
cation information including the valid period information
is applied to n backhaul uplink physical data channels.
[0240] An ACK/NACK mechanism that can be applied
to a backhaul link between a base station and a relay will
be described below in relation to the wireless environ-
ment of the backhaul link.

[0241] When a relay receives a backhaul downlink
physical data channel, the relay transmits information
about whether or not demodulation is successful, that is,
ACK or NACK, through a backhaul uplink according to
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whether or not demodulation of a backhaul downlink
physical data channel is successful. When one backhaul
downlink physical data channel consists of a plurality of
codewords, information about whether or not demodula-
tion is successful can be transmitted according to the
respective codewords. A plurality of pieces of information
about whether or not demodulation is successful can be
transmitted through one or more modulation symbols.
[0242] Resources through which a relay will transfer
information about whether or not demodulation is suc-
cessful may correspond to resources, through which a
backhaul downlink physical control channel including the
allocation information of a backhaul downlink physical
data channel has been transmitted, on a one-to-one ba-
sis. In this case, when the resources through which a
backhaul downlink physical control channel has been
transmitted are changed, the resources through which
information about whether or not demodulation is suc-
cessful is transmitted are also changed. Here, resources
consist of a combination of time domain resources, fre-
quency domain resources, code domain resources, cy-
clic shift domain resources, and so on.

[0243] Also, resources through which information
about whether or not demodulation is successful is trans-
mitted may have no relation with resources through which
a backhaul downlink physical control channel is trans-
mitted. In this case, a base station can notify a relay of
the resources through which information about whether
or not demodulation is successful is transmitted by upper
layer signaling (RRC signaling may be used in the case
of 3GPP), and the relay transmits the information about
whether or not demodulation is successful using the re-
sources.

[0244] Resources through which information about
whether or not demodulation is successful is transmitted
may be determined by two factors. One factor corre-
sponds to resources through which a backhaul downlink
physical control channel has been transmitted on a one-
to-one basis, and the other factor has no relation with the
resources through which a backhaul downlink physical
control channel has been transmitted.

[0245] There has been active discussion recently re-
garding a transmission method in a downlink or uplink
between a base station and a UE using multiple input
multiple output (MIMO). In relation to this, MIMO tech-
nology whereby multiple wireless paths are generated
such as 8 X 8 MIMO or 4 x 8 MIMO is under examination.
When such advanced MIMO technology is applied, a plu-
rality of codewords can be used (generally up to two
codewords), and ACK/NACK information is separately
configured for each codeword and transmitted.

[0246] In general, relays are installed at a high level
such as on the top of a building, and thus, many wireless
environments between a base station and a relay have
line of sight (LOS). When MIMO technology is applied to
such an LOS environment, there is a strong possibility
of correlation between transmission paths. Thus, in a
backhaul link between a relay and a base station in a
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backhaul transmission method according to an exempla-
ry embodiment of the present invention, response infor-
mation, that is, ACK/NACK information is not separately
transmitted according to codewords, but only one piece
of response information, that is, ACK/NACK information,
is configured, that is, bundled for all codewords, and
transmitted. To be specific, for example, an AND opera-
tion is performed on success and/or failure in transmitting
respective codewords. In this case, ACK information is
transmitted only when the plural codewords are success-
fully transmitted, and otherwise, NACK information is
transmitted. While two bits are conventionally required
for ACK/NACK transmission in a backhaul link when two
codewords are used, only one bit is used according to
an exemplary embodiment of the present invention, so
that transmission efficiency can be improved.

[0247] Inthe case of a backhaul uplink signal, it is pos-
sible to consider that backhaul uplink physical data con-
sisting of a plurality of codewords is transmitted in one
backhaul uplink subframe, and bundling of ACK/NACK
information for the codewords is applied to the one back-
haul uplink subframe. Bundling of ACK/NACK informa-
tion may be applied to a plurality of backhaul uplink sub-
frames. When backhaul uplink physical data consisting
of aplurality of codewords is transmitted in each backhaul
uplink subframe, ACK/NACK bundling may be separately
performed on the first codewords and the second code-
words of the respective backhaul uplink subframes.
[0248] A base station can notify a relay of whether or
not bundling of ACK/NACK information is applied. When
the base station applies bundling of ACK/NACK informa-
tion to the relay, the relay bundles and transmits ACK/
NACK information about all the codewords of a backhaul
downlink physical data channel to the base station, and
the base station also bundles and transmits ACK/NACK
information about all the codewords of a backhaul uplink
physical data channel to the relay. Meanwhile, when the
base station does not apply bundling of ACK/NACK in-
formation to the relay, the relay transmits ACK/NACK
information about the respective codewords of a back-
haul downlink physical data channel to the base station,
and the base station also transmits ACK/NACK informa-
tion about the respective codewords of a backhaul uplink
physical data channel to the relay.

[0249] In an exemplary embodiment of the present in-
vention, a bundling mode, that is, a mode in which ACK/
NACK information about all codewords is bundled and
transmitted, is applied to transmit ACK/NACK informa-
tion between a base station and a relay, and in an ex-
ceptional case in which, for example, a wireless environ-
ment between the base station and the relay rapidly var-
ies, the bundling mode is released and a normal node
can be applied.

[0250] While the invention has been shown and de-
scribed with reference to certain exemplary embodi-
ments thereof, it will be understood by those skilled in
the art that various changes in form and details may be
made therein without departing from the spirit and scope
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of the invention as defined by the appended claims.

Claims

1. A downlink transmission method in a mobile com-
munication network including a relay, comprising:

transmitting, at a base station, a backhaul down-
link signal according to a frame structure of a
backhaul downlink and a timing of the backhaul
downlink determined in consideration of at least
one of a time for the relay to switch between
transmission and reception and a signal trans-
mission time; and

receiving, at the relay, the backhaul downlink
signal according to the frame structure and the
timing of the backhaul downlink.

2. The downlink transmission method of claim 1,
wherein transmitting the backhaul downlink signal
includes transmitting, at the base station, the back-
haul downlink signal using symbols for backhaul
downlink signal transmission including symbols of a
base station access downlink subframe, excluding
as many symbols beginning with the first symbol of
the base station access downlink subframe as (a
number of symbols through which a relay access
downlink control channel is transmitted + 1), and
ending with the last symbol of a base station access
downlink subframe

3. The downlink transmission method of claim 2,
wherein a start time point of a relay access downlink
subframe related to the timing of the backhaul down-
link is set to be later than a point in time when the
relay begins to receive the first symbol of the base
station access downlink subframe by a length of a
downlink following guard period.

4. The downlink transmission method of claim 1,
wherein transmitting the backhaul downlink signal
includes transmitting the backhaul downlink signal
using symbols for backhaul downlink signal trans-
mission including all symbols of a base station ac-
cess downlink subframe except as many symbols
starting from the last symbol in reverse time order
as (a number of symbols through which a relay ac-
cess downlink control channel is transmitted + 1).

5. The downlink transmission method of claim 4,
wherein a start time point of a relay access downlink
subframe related to the timing of the backhaul down-
link is set to be earlier than a point in time when the
relay begins to receive the first symbol of the base
station access downlink subframe by a sum of a
length of a time period in which control information
about a relay access downlink is transmitted and a
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length of a downlink preceding guard period.

The downlink transmission method of claim 1,
wherein transmitting the backhaul downlink signal
includes transmitting the backhaul downlink signal
using symbols for backhaul downlink signal trans-
mission including, as maximum, all symbols of a
base station access downlink subframe except as
many symbols beginning with a first symbol as a
number of symbols through which a relay access
downlink control channel is transmitted and except
the last symbol of base station access downlink sub-
frame, and

the start symbol and the end symbol of the symbols
through which a relay access downlink control chan-
nel is transmitted vary according to a length of a sig-
nal transmission time of the backhaul downlink.

The downlink transmission method of claim 6,
wherein a start time point of a relay access downlink
subframe related to the timing of the backhaul down-
link is set to a start time point of the base station
access downlink subframe.

The downlink transmission method of claim 7,
wherein a transmission time of the relay access
downlink subframe is set to be earlier than a pointin
time when the relay begins to receive the first symbol
of the base station access downlink subframe by half
atime indicated by timing advance information trans-
mitted by the base station to the relay, so as to set
the start time point of the relay access downlink sub-
frame to the start time point of the base station ac-
cess downlink subframe.

The downlink transmission method of claim 1,
wherein transmitting the backhaul downlink signal
includes transmitting the backhaul downlink signal
using symbols for backhaul downlink signal trans-
mission including all symbols of a base station ac-
cess downlink subframe except as many symbols
beginning with the first symbol of the base station
access downlink subframe as a number of symbols
through which a relay access downlink control chan-
nel is transmitted.

The downlink transmission method of claim 9,
wherein a start time point of a relay access downlink
subframe related to the timing of the backhaul down-
link is set to a point in time when the relay begins to
receive the first symbol of the base station access
downlink subframe.

An uplink transmission method in a mobile commu-
nication network including a relay, comprising:

transmitting, at the relay, a backhaul uplink sig-
nal according to a frame structure and a timing
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12.

13.

14.

15.

16.

17.
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of abackhaul uplink determined in consideration
of at least one of a time for the relay to switch
between transmission and reception and a sig-
nal transmission time; and

receiving, at a base station, the backhaul uplink
signal according to the frame structure and the
timing of the backhaul uplink.

The uplink transmission method of claim 11, wherein
transmitting the backhaul uplink signal includes
transmitting, at the relay, the backhaul uplink signal
using symbols for backhaul uplink signal transmis-
sion including symbols beginning with the second
symbol of a backhaul uplink subframe and ending
with the last symbol of the backhaul uplink subframe.

The uplink transmission method of claim 12, wherein
a start time point of the backhaul uplink subframe
related to the timing of the backhaul uplink is set to
be later than a point in time when the relay transmits
a base station access uplink signal in a UE mode of
relay by an uplink following guard period.

The uplink transmission method of claim 11, wherein
transmitting the backhaul uplink signal includes
transmitting the backhaul uplink signal using sym-
bols for backhaul uplink signal transmission includ-
ing symbols beginning with the first symbol of a back-
haul uplink subframe and ending with the second to
last symbol of the backhaul uplink subframe.

The uplink transmission method of claim 14, wherein
a start time point of the backhaul uplink subframe
related to the timing of the backhaul uplink is set to
be earlier than a point in time when the relay trans-
mits a base station access uplink signalina UE mode
of relay by an uplink preceding guard period.

The uplink transmission method of claim 11, wherein
transmitting the backhaul uplink signal includes
transmitting the backhaul uplink signal using sym-
bols for backhaul uplink signal transmission includ-
ing symbols beginning with the second symbol of a
backhaul uplink subframe and ending with the last
symbol of the backhaul uplink subframe as maxi-
mum, and

a start symbol and an end symbol of the symbols for
backhaul uplink signal transmission vary according
to at least one of a length of a signal transmission
time of the backhaul uplink and the time for the relay
to switch between transmission and reception.

The uplink transmission method of claim 16, wherein
a start time point of the backhaul uplink subframe
related to the timing of the backhaul uplink is set to
a start time point of a base station access uplink sub-
frame.
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The uplink transmission method of claim 17, wherein
the start time point of the backhaul uplink subframe
related to the timing of the backhaul uplink is set to
be later than a point in time when the relay transmits
a base station access uplink signal in a UE mode of
relay by half a time indicated by timing advance in-
formation transmitted by the base station to the relay.

The uplink transmission method of claim 11, wherein
transmitting the backhaul uplink signal includes
transmitting the backhaul uplink signal using sym-
bols for backhaul uplink signal transmission includ-
ing symbols beginning with the first symbol of a back-
haul uplink subframe and ending with the last symbol
of the backhaul uplink subframe.

The uplink transmission method of claim 19, wherein
a start time point of the backhaul uplink subframe
related to the timing of the backhaul uplink is set to
apointintime when the relay transmits a base station
access uplink signal in a UE mode of relay.
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